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ABSTRACT
Results of extensive in-situ and laboratory tests were correlated 
to determine the effects of soil disturbances during sampling, storage 
and handling of soil samples.
Several hundred field  vane and standard penetration tests were per­
formed in geologic formations representing the major soil deposits in 
Louisiana. Particular emphasis was placed on the fie ld  vane test and 
its  peculiarities. Several sizes and shapes of vane blades were used. 
Cores were also obtained from boreholes adjacent to the vane test holes 
and tested in the laboratory for unconfined compressive, undrained t r i -  
axial, and vane shear strengths. Strength tests were also conducted 
with a pocket penetrometer on soil samples both in the laboratory and 
in the fie ld . Radiographs of cores were taken before and after the 
laboratory vane shear test to determine the extent of the failure sur­
faces.
After the laboratory vane shear strength was obtained, the vane 
was turned several times to determine the vane-remolded strength. The 
tested specimens were then broken up and remolded at their original water 
content and density. Laboratory vane tests were again performed on the 
remolded specimens. The results indicated that the vane shear strengths 
obtained after complete remolding were significantly higher than the 
vane-remolded strengths for a ll specimens. I t  was concluded that the 
recommended remolding method for vane shear tests produces the residual 
strength.
The fie ld  vane shear strength of a particular soil was practi­
cally inddpendent of vane blade shapes or height-diameter ratio .
Anisotropic characteristics of soils were determined by using vanes 
with different shapes. Results showed that the strength measured by 
fie ld  vane is mainly indicative of strength along the vertical plane. 
Study also showed that differences in testing procedure of vane shear 
test and conventional laboratory strength tests results in slight over- 
estimation of strength by the vane. Differences between the actual 
sheared area and area given by the vane dimensions did not have any sig­
nificant effect on the measured strength.
In-situ shear strengths measured by fie ld  vane were found to be 
significantly higher than shear strengths measured in the laboratory 
on undisturbed samples. Statistical correlations (up to .9 coefficient 
of determination) showed a definite relationship between shear strengths 
obtained from fie ld  vane tests and undrained triax ia l tests. I t  was 
also found that fie ld  vane test produces more reproducable results com­
pared to that obtained by conducting unconfined compression or undrained 
tr1axial tests. The statistical correlations developed are for speci­
fic  soils and may not be applicable to other regions. However, similar 
correlations can be developed for other soil deposits.
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One of the engineering properties of soil is the shear strength.
This property is used in problems involving foundation design* stability
of slopes, design of retaining wall, etc. The use of the shear strength
is made in more situations than any other engineering property.
The shear strength of soils can be determined in the following three
ways:
1. Laboratory testing of the samples obtained from fie ld ,
2. Using fie ld  shear strength devices,
3. Analysis of failures.
Undisturbed samples obtained from the fie ld  can not remain to ta lly  
"undisturbed" even i f  they are obtained by using the most advanced tech­
niques. The main cause of the disturbances are:
a. Removal of the samples from their environment thus changing 
the boundary stress conditions,
b. Some disturbances are almost unavoidable in extruding, shipping 
and storage of the samples.
In very soft deposits, i t  is very d iffic u lt to obtain even a
reasonably undisturbed sample. For such soils, therefore, the labora­
tory strength tests do not accurately represent the in-situ strength.
Some disturbances may be caused by the introduction of the fie ld  
testing devices into the so il. These disturbances, however, are ex­
pected to be much less severe than that caused by the sampling operation.
This study was conducted to determine the suitability  of the fie ld  
strength test in conjunction with or as a replacement of the laboratory
1
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tests. The objective of this study was to determine the characteristics 
of fie ld  strength test methods.
I t  would have been ideal to study a ll the fie ld  strength tests in 
detail. The obvious limitations of money and time makes i t  an almost 
impossible task. I t  was, therefore, decided to select one or two fie ld  
strength tests for the detailed study.
A detailed literature survey was performed to identify various types 
of in-situ test methods, their characteristics and previous work showing 
the applicability of these tests to different soil conditions. Based on 
the literature survey i t  was concluded that the vane shear test had the 
potential of being a suitable test method. Because the standard pene­
tration test (SPT) and the pocket penetrometer test are commonly used 
tests, these were also included in this study for detailed analysis.
CHAPTER H  
STATE OF THE ART
The shear strength parameter of soils can be determined by
a. Conducting laboratory tests on "undisturbed" 
samples obtained from the fie ld .
b. Conducting In-situ strength test.
The laboratory test w ill only represent the In-situ condition 
when the sample tested Is a truly undisturbed sample. Unfortunately, 
even the most sophisticated sampling equipment does not give a truly  
undisturbed sample. The main causes of the disturbances are:
a. Removal of the sample from Its  environment. This 
results In a change In the stress condition due to the 
removal of the overburden and the confining stresses.
b. Sampling, extruding, handling, storage and 
preparation of the sample for the laboratory 
shear strength testing.
The fie ld  shear strength tests also cause some disturbances due 
to the insertion of the device in the soil. These disturbances, how­
ever, are like ly  to be much smaller than that caused by the sampling 
operation.
This study was therefore conducted to evaluate the in-situ strength 
tests. The fie ld  shear strength tests can be divided in the following 
general categories.
1. Penetrometers - (a) Static Penetrometers
(b) Dynamic Penetrometers
(c) Combined Static and Dynamic 
Penetrometers
3
2. Pressuremeters - (a) Menard Pressuremeter
(b) Iowa Borehole Device
3. Field Shear Box
4. Field Vane Test
5
Penetrometers:
In a penetration test, a penetrometer 1s forced Into the soil and 
its  resistance to penetration is recorded. The variations in the num> 
erical values of the resistance is used to determine the boundaries 
of various layers inside the soil mass. Empirical correlations have 
been developed between resistance-consistency and resistance-relative 
density for coehesive and non-coehesive soils respectively (Terzaghi 
and Peck, 1967, pp. 347, Sanglerat, 1972, pp. 251). Empirical relations 
have been developed for undrained strength and resistance measured by 
the static penetration tests. (Sanglerat, 1972, pp. 271).
The penetrometers are divided into the following categories.




The static penetrometers were developed by Swedish State Railways, 
Danish Railways and Department of Public Works, Netherland, during the 
years 1917-1937. (Terzaghi, 1967).
In this test the penetrometer is pushed into the soil at a con­
trolled rate. The rate is such that ideally the penetration resistance 
corresponds to shear strenght under a static load. The two basic types 
of static penetrometer are (Sanglerat, 1970, pp. 41).
a. The moveable cone-tip static penetrometer
In this case only point resistance can be
measured by advancing the cone below a static 
sleeve. This sleeve prevents the soil from 
pushing the rod to which the cone is attached.
b. The fixed cone-tip static penetrometer
In this penetrometer, both the rod and the 
cone move, thus the effects of the friction as 
well as point resistance are measured simultane­
ously.
There are a number of penetrometers developed 
by various researchers. Some of them are Hvorslev's 
penetrometer, Terzaghi's wash point penetrometer,
Barentsen's penetrometer, the Dutch cone and 
the modified Dutch cone penetrometers and the 
Pocket penetrometer.
Dutch Cone Penetrometers:
The prototype of the Dutch cone penetrometer was developed by 
Barentsen in 1936. I t  consisted of a 60°, 1.4 in. diameter cone 
attached to the lower end of a 5/8 in. diameter rod surrounded by a 
3/4 in. diameter pipe (Terzaghi and Peck, 1967, pp. 319). For 
testing, the rod is pushed Into the ground manually at the rate of 
0.4 in ./sec.. The pressure exerted in pushing the rod is measured on 
the Burdon gage. After each stroke, the pipe had to be pushed down 
20 in. before the resumption of the testing stroke. The pressure 
required was plotted against the depth to obtain a soil profile.
A Dutch cone penetrometer consists of a two rod system, an 
inner rod for advancing the cone and a 3.6 in. O.D. outer rod which 
protects the inner rod from frictional effect. The cone has a base 
of 10 sq. cm and an apex angle of 60°. The equipment has a static  
thrust capacity of 12 tons.
Above the cone there 1s a short rod somewhat smaller than the 
diameter of the cone. The shape and the length of this rod varies 
with the type of the cone. In the Delft cone this shaft is tapered away 
from the cone to a smaller diameter. In the Bergemann friction  
cone this shaft is of a uniform diameter throughout the length. In 
addition, i t  has a separate friction sleeve above the cone. This 
sleeve moves independently of the cone for a short distance.
WES Penetrometer:
Waterways Experiment Station developed a cone by which the t r a f f i-  
cability of soil could be quickly evaluated. The device is pushed 
by one operator, while another person takes the readings. " It  has a. 
maximum penetration of 30 in. and can only be used for limited purposes." 
(Sanglerat, 1972, pp. 17).
Shell-Canadian Penetrometers:
Shell Canadian Exploration of Houston developed a penetrometer 
which can automatically record loads as a function of depth and time 
(Broms and Broussard, 1965). The apparatus has a capacity of 12,000 
pounds and can take continuous readings for three hours. The lower 
part has an auger 3 h  in. O.D. and a sampling spoon 3 h  in. O.D..
The cone or the penetration point is located 4 in. below the sampling 
spoon. For sounding, the load is applied by an increament of 2000 lbs. 
and the deflections are recorded for each load increament.
The self-recording static penetrometer has the drawback that the 
apparatus may fa il to detect a thin soft layer. The recording Instrument 
is very delicate and may be damaged i f  the operator is not very careful. 
I t  also requires frequent maintenance and calibration.
8
The Electric Penetrometer:
In 1963, Fugro Consulting Engineers, Netherlands, in conjunction 
with the Philips and Delft Laboratory, developed an electric pene­
trometer (Sanglerat, 1972, pp. 24). Unlike the Dutch cone, this 
penetrometer does not have a friction sleeve. Frictional effects 
between the moving parts are minimized by not providing any connection 
between the rod and the cone except through a load ce ll.
The strain gauges in the pressure cel1 are arranged in such a 
manner that only the axial stresses are recorded. The pressure 
variations are recorded on a continuous graph. The capacity of the 
equipment was 5000 kg. The equipment can be equipped with an in­
clinometer, thus at greater depth any deviation from the vertical 
stresses, due to buckling, etc. can also be determined. Side friction  
can also be measured by providing a Begemann type sleeve.
The Pocket Penetrometer:
The pocket penetrometer derives its  name because i t  can be 
carried in a man's pocket. Its main use is an aid in classifying 
the cohesive soil in the fie ld  during the sampling operation. I t  has 
a f la t  tipped cylinderical rod loaded by a calibrated spring. This 
spring is enclosed in a movable sleeve. The force required to push 
the tip  through a fixed surface is measured by the spring and trans­
ferred on a scale giving approximate unconfined strength in ts f and 
2
kg/cm .
Methods of advancing the cones vary with different types of 
equipment. In the case of the Delft cone, the cone is advanced by 
means of the outer rod to a distance of 8 cm and the cone
9
resistance for that interval is determined. The outer sleeve is then 
advanced to a distance of 20 cm, with the cone also advancing for at 
least 12 cm. In the case of the Begeman friction cone, the cone is 
advanced a distance of 4 cm by the inner rod. The resistance measured 
in this distance is the cone bearing resistance only and taken as an 
indication of the shear strength. Next, both the outer sleeve and 
the cone are advanced for 4 cm and combined cone bearing and frictional 
resistance are recorded. The skin friction is the difference of these 
two readings. Finally, the outer rod is advanced by a distance of 
20 cm. In this motion the friction sleeve moves with the rod for 16 
cm with the cone joining the last 12 cm.
A number of theories have been developed to determine the bearing 
capacity from the static penetration results (Sanglerat pp. 93-156). 




where Su = Undrained shear strength
qc = resistance measured by static penetration
test
Np = a constant depending upon the shape of the
device and the method of driving
A = projected area of the cone
Sanglerat (1972) suggests that NpA ranges from 15 to 20 whereas 
Sowers and Sowers (1970, p. 199) reported for the Dutch cone Np should 
be 5 for very sensitive clays and 9 for clays of low sensitivity.
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Schmertman (1967) has shown that the ratio of the frictional 
resistance to cone bearing is a function o f soil type. This ratio  
varies from 1/2%, for very soft rocks to 5% or more for the sensitive 
clays.
Thomas (1965) concluded that factors influencing the pene­
tration resistance include the rate of the penetration, the shape of 
the penetrometer and the physical characteristics of the soil. Fac­
tors included in shape are sectional area, apex angle and the shape 
of rod above the cone.
Sanglerat (1972, pp. 47) considers that the static penetration 
tests are best suited to determine the penetration resistance of 
various soil layers. He considers that objections regarding the possi­
b ility  of getting erroneous readings with worn out equipment or 
bending of the rod due to high loads are not valid. Tests in soft 
clay show that with proper care and maintenance very consistent 
results can be obtained.
Kelogg (Sanglerat, 1972, pp. 176) considers the static penetration 
test to be more sensitive to the changes in soil layer than the dynamic 
penetration test.
Schmertman (1967) considers the static penetration test as the 
best available tool for soils in Florida.
Schmertman has also developed a simplified relationship to pre­
dict the settlement in sands with the penetration resistance values.
Begmann (1969) and DeReter (1971) have discussed some of the 
errors associated with the Dutch penetrometer. In the original
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device, the tapered section can result 1n a resistance value which 1s 
not representative of the soil. In Begmann's modified cone, soil can 
get between the friction sleeve and the penetrometer resulting in 
erroneous values. The difference 1n elevation between the cone and 
the friction sleeve can also cause some error in separating the skin- 
frictlon from the bearing capacity.
Dynamic Penetration Tests
In this test the penetrometer is driven by a hammer and the 
number of blows required to drive 1t through a fixed distance is 
taken as an index of shear strength.
A vast amount of equipment is available to conduct this test.
All of them are based on the same principal, but they d iffe r in the 
weight of the hammer, the height of fa ll and the shape of the cone.
The Standard Penetration Test (SPT) is the most commonly used 
test in the country and will be discussed in some detail. The SPT has 
been standardized by ASTM and AASHO (ASTM D1586-64T and AASH0-T206).
In 1927* Mohr developed the SPT. In its  present stage, the 
equipment consists of a 140 lb. hammer and a sp lit spoon sampler of 
2 in. O.D. and 1 1/2 in. I.D .. A steel cutting shoe with an I.D . of 
1 3/8 in. I.D. diameter is attached to the lower end and a check valve 
is attached to the upper end. The sp lit spoon sampler is attached to 
the lower end of d r ill  rods with a head for the hammer to fa ll on through 
connecting rods.
An undisturbed sample cannot be obtained with the sp lit spoon. 
Disturbance is caused by the driving procedure and a very high area 
ratio , approximately 112%. Terzaghi permits the use of this sp lit
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spoon sample, but only In the absence of a tube sample: The number of 
blows recorded yield much more information than any test conducted on 
a sample obtained with the sp lit spoon.
Fletcher (1965) has discussed in some detail the "uses and the 
abuses" of the SPT. The factors affecting the results may be 
summarized as:
1. Inadequate cleansing of the borehole
2. Material becoming quick, mainly due to insufficient 
hydrostatic pressure in the hole
3. Variation from the standard 30 in. fa ll
4. Use of heavier d r ill  rods.
5. Excessive length of d r ill  rods.
6. Drive weight not fa lling  freely.
7. Variation from the standard 140 lb. drop weight
8. Using damaged drive shoes
9. Failure to place the spoon sampler in the undis­
turbed material
10. Use of improper equipment
11. Human error and carlessness
Fletcher (1965), Gibbs and Holtz (1957) and Palmer and Stuart 
(1957) have demonstrated that a number of the above mentioned factors 
do not have any significant effect on the 'N1 value. They have ex­
perimentally demonstrated that the length of the rod, slight varia­
tions in the height of fa ll and the energy lost in the buckling of 
the rod up to a depth of 140 f t .  did not have any significant effect 
on the ' N* value. Many of the shortcomings mentioned by Fletcher
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can be avoided by a carefully planned and conducted test. Upward 
seepage effects can be countered by extending the length and the drive 
the penetration tool.
Palmer and Stuart (1957) developed a modified SPT. With this 
equipment the sp lit spoon is closed with a 60° cone at the driving 
shoe. A comparison with the SPT shows that the modified test yields 
slightly higher values.
Sowers and Hedges (1966) described a dynamic cone penetrometer 
to be used as a control device during the construction of shallow 
foundations. The device consists of 1 1/2 in. diameter cone with 
a 45° apex angle. I t  is driven by a 15 lb. weight, fa lling  20 
inches. The test yields reasonable results up to a depth of 20 f t .
I t  has a significant correlation with the SPT values between 4 and 
30 blows.
A combination static and dynamic penetration test was outlined 
by Hafelli and Tehlmann (1953). The device is called the "Press-Ram- 
Penetrometer.'1 The equipment has the capability of running both the 
dynamic and static penetration test.
The projectile penetrometer (Sowers and Sowers, 1970) is a dynamic 
penetrometer acting on entirely different principles. In this test 
the soil strength is estimated on the basis of kinetic energy of the 
projectile upon impact, depth of penetration and geometry of the 
penetrometer. The impact deceleration of the projectile is re­
corded on an automatic recorder. The velocity and the penetration 
resistance can then be computed from this record. The method has 
been used in soil exploration for the space program.
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Schultz and Knausenberger (1957) made comparison tests with nine 




c. Penetrometers with or without casing
d. Light or middle and heavy penetrometer
B. Soil
From the above tests, they concluded that the static penetration 
test was the closest approach to the static structural load. They 
consider SPT as the best possible substitute of the static penetration 
test. They also found that in clays, dynamic penetration tests 
yield better results when casing is used.
A number of empirical techniques have been developed to corre­
late the SPT with the capacity and the length of the piles. Some 
local agencies such as the Michigan State Highway Department, have 
developed a correlation between the SPT and the p ile bearing capacity 
for granular and cohesive soils (Housel 1965, Rajart 1965). The rela­
tionships, however, do not appear to have a general applicability.
Meyerhoff (Sanglerat 1972) and others have correlated 'N' with 
and c and 0 values of the soil. These results can also be used to 
decide the type of the pile and any special driving technique to be 
used.
Gibbs and Holtz (1957) suggested following modification applica­
ble to 'N' values in a ir -  dry and moist sand near the ground surface.
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N -  "■ p lro  (2)
where N = corrected number of blows 
N1 = Actual blow count 
P = Effective overburden pressure (^ 40 psi)
In granular soils the N value has been correlated with the rela­
tive density of the material by number of researchers (Terzaghi and 
Peck pp. 341, Sanglerat, 1972, Table XVI, pp. 253).
Various empirical rules havo-been suggested to determine the un­
confined compressive strength from the N values. Following are some 
of those relationships.
1. Terzaghi and Peck (Terzaghi and Peck pp. 347, Table 45.2 pp. 347)
Consistency Very Soft Medium S tiff  Very Hard 
Soft S tiff
Blows N <2 2-4 4-8 8-15 15-30 >30
qu ts f <0.25 0.25-0.5 0.5-1.0 1.0-2.0 2.0-4.0 >4
2. Sanglerat (Sanglerat 1972, pp. 251)
Clay: qu = N/4 (3)
Silt-Clay: qu = N/5 (3a)
S ilty , Sandy soils: qu = N/7.5 (3b)
qu = unconfined strength (ts f)
N * Number of blows/ft.
Terzaghi and Peck (1948) have developed an expression to deter­
mine the allowable bearing pressure of footings and rafts on granular 
soils, based on an allowable settlement.
Teng (1962) has modified the original equation to include the 
correction factor for the position of the water table.
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Meyerhof (Sanglerat, 1972, pp. 270) has suggested the following 
expression:
qftd = N/8 for B £  4 f t .  4
qad = N/12 ( ^ )  for B > 4 f t .  4(a)
where qg(j Is allowable bearing pressure in 
N 1s number of blows per f t ;
B is width of footing 1n f t .
Meyerhof (Sanglerat, 1972) developed the following relationship be­
tween the SPT and the Dutch cone test.
q_ = 4N1c
where qc = Static cone resistance, TSF
N = SPT (Blows/ft.)
N1 = N for N < 4
N' = 15 + 1/2 (N -  15) for N > 15
Vishwanathan (1968) found that the correlation factor (4 in the 
Meyerhoff equation) varies widely around the world ranging from 1 to 13.
Meigh and Nixon (1961) compared the Dutch cone and the SPT. By as­
suming the Dutch cone to yield correct values, they concluded that:
1. SPT gives reasonable, though conservative values 
for the bearing capacity in fine grained soils.
2. SPT underestimates the bearing capacity of footing
in sandy gravels, well graded sands and gravelly sands.
Summary
A properly conducted test with well maintained equipment gives 
fa ir ly  consistent information concerning the depth of various strata.
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A continuous penetration test can be very helpful in locating a thin 
strata which may be missed in sub-grade soil survey. Hvorslev (1948) 
recommended the use of the penetrometer test coupled with the regular 
boring for non-homogenous soils. The penetration test Is indicative of 
the consistency of cohesive soils and relative density of the granular 
soils. This information can be of great importance in situations where 
sampling is d iffic u lt. In places where sufficient correlation of pene­
tration resistance with the laboratory tests exist, the bearing capacity 
can be directly computed from the penetration test. The static pene­
tration method simulates the loading conditions of piles. Results can, 
therefore, be used with some confidence for design of piles. With the 
penetration test i t  is possible to estimate the point resistance and 
skin friction separately. In a dynamic test, the penetrometer is driven 
through a short distance and the strength automatically is averaged.
The electrical penetrometer provides a much more detailed picture than 
the mechanical cone, also the friction  which may develop in a 2 rod 
system is eliminated in the electrical penetrometer. I t  can directly 
measure the local side fric tion . The absence of inner rods renders this 
penetrometer more versitle.
The penetration test in its e lf  is Insufficient for identifying 
various soil. Presence of stones and boulders can lead to very mislead­
ing results. Interpretation of data is not straight forward, i t  re­
quires considerable experience with the equipment and knowledge about 
the area. The shape of the penetrometer may result in trapping some 
soil between the drive rod and the cone, resulting 1n erroneous values 
for the skin friction . Friction may develop between the rod in a two
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rod system and between the rod and the cone in .a ll penetrometers except 
the electrical penetrometer. The electrical device, however, Is very 
costly and requires specially trained personnel to operate i t .
Due to large variation in soil properties, use of a general coef­
fic ien t based on such classifications as soft rock or sensitive clays 
does not appear to be valid. In the pocket penetrometer test, the area 
tested is very small. This may result in widely different values on the 
same core. In the standard penetration test, variations in the weight 
of the hammer, the height of the fa ll  and the shape of the cone may re­
sult in misleading results. Wide differences in resistance within a 
short distance produce an erratic record which is d iff ic u lt to average or 
to Interpret. A thin, hard layer of clay, which may not increase the 
overall strength can distort the picture. One of the inherent disadvan­
tages 1n a dynamic test is the effect of dynamic forces on soil. The dy­
namic resistance of loose, saturated cohesionless soil w ill be less 




The Menard pressure meter consists of a cyllnderical, three cell 
probe which 1s inserted in the soil. Expansion of the middle cell is 
measured in relation to pressure and time. The standard type recom­
mended for geotechnical investigations measure the deformation modulus
2 2 (E) up to 500,000 kg/cm with a pressure up to 100 kg/cm . (Menard,
unpublished report). The insertion technique of the probe into the test
hold depends on the type of soil. In sandy and cohesive soils above
water table, insertion by driving with a hammer is not permitted, as
i t  changes the modulus of e lastic ity  and the shear strength values. In
clays, s i l t ,  fine sand and rock, the probe is introduced through a
previously drilled borehole. In peat and sensitive clays manual
drilling  and use of bentonite mud is recommended. In cohesionless soils
under water the insertion method does not effect the shear strength
values. (Menard, unpublished report).
Normally, the test should be completed within 24 hours after the 
drilling  of the boreholes. A delay of a few days, however, is not 
like ly  to influence the results when the hole remains above ground 
water table (Menard, unpublished report).
The results of Menard pressure meter are plotted in the form of 
a curve showing cell pressure versus volume change. Higgins (1969) 
divided this curve into three stages (Figure 1).
1. Sloping -  lead phase (Elastic phase)
In this phase, earth pressure is being restored 
to the original pressure existing prior to the removal 












FIGURE I :_     .»
2. Linear or near-11near phase: (Pseudo Elastic Phase)
This would have corresponded to an elastic curve, 
had the soil been an elastic material. An approximate 
value of Young's modulus can be determined from this phase.
3. Plastic Phase:
At this stage volume changes occur very rapidly and 
the curve assymptotically approaches a vertical line.
This directly corresponds to bearing capacity of the 
soil
The limiting pressure 1s computed after taking Into consideration 
factors like resistance of the probe. This can be done by running a 
similar test without inserting the probe. The inertia curve shown in 
Figure 1 was developed from such a test. Pressure due to the head of 
the water shall be added to reading and fin a lly  a correction for the 
expansion of the water tube must be made. Menard (unpublished) has 
developed a number of empirical equations for the design of various 
engineering structures based on E and the limiting pressure values 
obtained from this test. Equations are available for computation of 
the bearing capacity of shallow foundation, strip footings, piles, 
piers and cassions. Menard has also developed equations for 
calculations of the settlement under foundation. The test results 
can also be used to compute active and passive earth pressures and 
to determine the s tab ility  of slopes.
Summary
The Menard pressure meter gives rapid relatively accurate infor­
mation because of the sim ilarity between the stresses around a founda­
tion and around the pressuremeter probe. Empirical rules are avail­
able to compute the bearing capacity of both deep and shallow
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foundations, settlement, active and passive earth pressure and 
stability  of slopes.
In cohesionless soils the probe Is Inserted by driving i t  to the 
desired depth. This can change the density of the material. The 
result, therefore, may not represent the true In-sltu strength. In 
clays, in fine sands and in rocks the probe is Introduced through a 
borehole drilled by special tools.
The Test Lab Iowa Borehole Shear Device
The Iowa borehole test is analogous to the direct shear test. The 
device measures the in-situ strength of isoils and has to be inserted 
into a pre-drilled borehole. The test consists, of inserting an 
expanding a probe in a borehole, and thep pulling the probe in an
upward direction. The equipment essentially consists of a shear head,
a pulling apparatus and a console for applying and measuring normal 
pressure and shear force (Handy, unpublished).
Test procedure requires a smooth 3 in. diameter test hole. In 
loose or moderately dense soil these holes can be drilled by hand, using 
the trimmer provided with the equipment. A 2 1/2 in. auger can also be 
used to d r ill  the hole which can be later trimmed with the 3 in. trimmer.
Holes made by 3 in. Shelby tubes can also be used as a test hole. In
gravelly soils and in loose sand, the device does not appear to be 
very useful.
The shear head is inserted in the pre-drilled borehole and then 
i t  is expanded to a desired normal pressure. Handy has suggested 
guide lines for the normal pressure increment to be used in different 
soils. This increment varies from 0.5 psi for very soft soils to
10 psi for hard soils. A 10 minute consolidation time should be 
allowed after applying the f irs t  normal pressure. This period is 
reduced to 5 minutes for subsequent normal pressure increments. In 
freely draining sands this time may be reduced to 2 minutes.
Shearing stress is applied by turning the crank of the pulling 
apparatus at a rate of 2 revolutions per second. The shearing stress 
which remains constant for 40 or more revolutions is considered as 
the failure stress. Additional tests can be performed at the same 
depth by rotating the shear head through 90° and repeating the above 
procedure.
The failure envelope for the soil is obtained by plotting normal 
pressure versus shear stress. The angle of internal friction and 
cohesion are then computed based on Mohr-Columb theory.
Results of a number of tests were conducted in sand, alluvial 
loam and alluvial clay. Results show an excellent agreement between 
the Iowa borehole and the laboratory direct shear strengths. (Handy 
and Fox 1967).
Handy et al (unpublished) have also developed a creep attachment 
for the borehole shear device. The test provides a means to evaluate 
yield stress under in-situ conditions. In this case, the pulling 
apparatus is modified to give constant stress rather than a constant 
rate of strain. The most important parameter given by the creep test 
is the yield stress, this stress becomes almost constant i f  the testing 
time exceeds 20 minutes (Handy et a l, unpublished).
Summary
This is a relatively simple in-situ shear strength test. The
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cohesion and the angle of internal fric tion  can be separately 
determined from the test. Shear strength in two directions at the same 
depth can be measured by simply rotating the shear head 90°. With 
some accessories, the device can measure both the creep and the 
pore pressure. The test permits plotting of failure envelope which 
provides a good basis for comparison with the laboratory direct-shear 
test. The test can be conducted at predetermined depths.
This test can be used as a quality control device in construction 
of enbankments, levees and other earth structures.
The test 1s not rapid. The minimum time required for one set 
of data at one depth including 5 pressure increments and rotation 
through 90°, in a simple test is in the neighborhood of 60-90 minutes. 
Requirement for a smooth hole makes i t  almost impossible to run the 
test in loose soils. The test is designed to measure consolidated, 
undrained strength, but the boring of the hole may smear the surface 
making free drainage of the pore water d iff ic u lt. The test essentially 
measures the strength of the soil forming the walls of the bore hole. 
The process of d rilling  or driving excessively disturbed the soil. The 
test, thus, may not be measuring the true in-situ strength.
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Vane Shear Test
The vane shear device was developed Independently In Sweden and 
in Germany 1n 1928-1929. The device was.not used much until 1947 
when the Swedish Geotechnical Institute started using them on a number 
of projects, which later culminated 1n a comprehensive report by 
Cadling and Odenstad (1950). Since then the vane shear device has been 
used frequently 1n many countries, Including Sweden, Norway, the U.S.A., 
Canada and Britain.
The equipment developed by Carlson is the forerunner of the 
vane equipment developed by others. The f ir s t  device consisted of 
parts from the Swedish sampler and the Swedish sounding auger 
(Carlson 1948). The lowest portion consisted of a "rotation tool" on 
which four "wings" were welded. I t  could be extended by means of 
extention rods, which in turn were surrounded by casings. The 
apparatus was driven by hydraulic pressure or by ramming to a depth 
of 50 cm above the test depth. The "tool" was then pushed through to 
the remainder of the depth in the "undisturbed" soil. The torque 
was applied by turning a handle against a spring balance. The angular 
rotation and readings on the spring balance were recorded for 
computation.
Skempton (1948) described a vane developed in Engl arid for testing 
soft clay. A 3 in. diameter and 4 1/2 in. long vane is used, attached 
to a 1/2 in. diameter rod which can be connected to extension rods.
The extension rods are enclosed in a casing which has a cutting shoe 
at its  lower end and is used for advancing the bore hold. After 
reaching the desired depth, the vane is pushed into the undisturbed
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soil for a depth of 30 in. before the test Is started. Torque is 
applied through a wire and pully arrangement.
A similar device was developed by Bannet (Bannet and Mecham, 
1953), to be used in a predrilled borehole. The vane attached to 
extension rods has to be pushed through 30 in. of undisturbed soil.
The rods are encased in a casing to minimize the friction  effect.
The vane is then rotated by turning a crank at the rate of six revolu­
tions per minute.
In both the Bannet and Skempton device, frictional effect is 
determined by computing the torque required to turn the rods without 
the attached vane.
All results have to be corrected for this frictional effect.
Gibbs et a l, (I960) indicated that for the applicability of the vane 
shear test as a routine exploration device the following conditions 
should be met by the equipment:
1. The equipment should be simple, flexib le and 
strong enough to be used in a varity of fie ld  
conditions.
2. I t  should be adaptable to standard d rilling  
equi pment.
3. I t  should be capable of enforcing a controlled 
rate of rotation and should permit recording of 
data at various stages of experiments.
4. I t  should be accurate and must have the capability 
to either eliminate or determine the frictional 
effects.
The instrument developed for United States Bureau of Reclamation 
(Gibb et a l, 1961) is portable, and can be used to determine the shear 
strength at various depths. I t  is fitte d  with suitable gears to
allow control of speed of rotation. I t  applies torsional force on the 
rod and does not require a thrust bearing which could result In changes 
In frictional losses with the changes 1n the applied forces. A 
resillant ring is used to measure the torsional forces. This does not 
involve the friction of the moving parts and also does not interfere 
with the rotational observations and the speed control (s ic ). The 
device has a capacity to measure torsional forces between 0 and 200 f t .  
lbs. The vane is turned at a constant rate of 0.1° per second.
The Oregon State Highway Department developed a vane shear device 
in 1953 (H il l ,  1956). The equipment can be transported, assembled and 
used for testing by one person. The vanes used for this equipment 
have a height to diameter ratio of two. The vanes can reach reasonable 
testing depth with the addition of extension rods. The torque is 
applied by a steel airplane control cable attached to the torque wheel. 
Turning of the hand crank at the rate of 5 rpm corresponds approxi­
mately to 10° per minute. The vane is pushed into place by a hydraulic 
plunger, thus the disturbances in placing the vane at the test depth 
are minimized.
Anderson and Bjerrum, (1956) describe a vane borer used in 
Scandinavia. Due to the nature of the soil in Scandinavia this vane 
device could also be used as a penetration device. The casing for that 
equipment has a cutting shoe at its  lower end, where the vane can be 
withdrawn when the casing is advanced. The inner rod attached to the 
vane is connected to the "pivot tap" by a connector. The torque is 
transmitted through 4 blade springs whose inner ends are attached to 
the central axis while the outer ends are attached to an outer ring,
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which Is rotated by crank handle. The crank is turned at the rate of 
1 revolution persecond which corresponds to rotation of vane equal to
0.1° per second. The difference in angle, caused by the difference 
between the pivot top and the large outer wheel, as measured by a 
pointer. The equipment is designed for torsional moments up to 600 kg 
per sq. cm. For "remolded” test the vane was rotated 25 times after 
the undisturbed test. The test was then repeated to compute the 
"remolded" strength.
A simple instrument known as "Inspection Vane" has been developed 
by Norwegian Geotechnical Institute for guide tests in soft clays 
(Anderson and Sollie, 1966). The equipment can be carried in a brief­
case and weighs only 1 kg. The equipment is primarily used by forcing 
the vane into the wall of trenches and bottom of excavation. The depth 
of the penetration varies between 0.4 to 1.0 m. In soft clays this 
device can be used to a greater depth by using extension rods. I t  can 
measure shear strength up to 2 ts f by applying a force of 40 to 50 kg. 
Constant strain rate is maintained by turning the handle at the rate 
of 1.5 rpm. The scale is calibrated to take into account friction in 
the equipment. Soil adhesion on the vane rod increases the measured 
shear strength, thus the values need correction when tested at greater 
depths.
A vane borer was developed at Chalmers University of Technology, 
Goteborg, Sweden. A unique feature of this device is the loose angle 
coupling or the "slip" coupling". The rod containing the slip coupling 
is used as the lower most rod and the vane is attached to this rod.











VANE CONNECTED IN HERE
THE LOOSE ANGLE COUPLING
FIGURE 2 ;
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vanes and at upper ends for the extension rods. The coupling is split 
in two halves with a steel pin connecting these parts. Both halves 
have needle bearings which allows the coupling to turn up to 15° by the 
application of a small torque, 3-5 kg cm.
The "Nilcon" vane bore consists of a vane boring instrument, a 
chain jack assembly and accessories. The shear is computed from the 
experimental plot shown in Figure 3.
More recently a number of vane shear devices have been extensively 
used in marine explorations.
Anderson et a l, (1972) describes a Remote Underwater Manipulator 
(RUM) which can operate on sea floors while being controlled from the 
Oceanic Research Buoy (ORB). Vane shear tests, as part of RUM̂ ORB 
program have been conducted at sites under 4000 f t .  of water. The 
vane shear meter is equipped with a 1.5 in. diameter and 4 in. high 
blade which is operated at an angular speed of 0.8 rpm. The true 
in-situ strength is expected to be less than that obtained by the vane 
test, due mainly to high rate of loading.
A device for deep sea in-situ testing was developed by Richards 
et a l, (1972). This equipment had the capacity to measure shear 
strength up to 312 lbs. per sq. f t .  The vane used was 3 in. in 
d-ameter and 6 in. long and was rotated at the rate of 80° per minute. 
The high rate of rotation was adopted due to very high hourly cost 
of operation.
Vane devices are also available to conduct tests in the 
laboratory such as described by Hironaka et al (1969), Northwood et al 
(1971), Darienzo and Vey (1955), Hall and M iller (1966), etc. The
0 Cylindrical washer acts as 
clamp to hold recording paper
Zero torque 
reference line






tests can be conducted on samples 1n a tube sampler or on extruded 
samples.
An apparatus developed by Leonard Farnell and Co., Ltd., England, 
consist of a base on which two vertical tubular columns, supporting 
the torque head are mounted. The torque head can be moved up and down 
for a distance of 8 in. This allows insertion of the vane in the sample 
with the least possible disturbance.
The torque is applied through a worm wheel assembly which can be 
rotated at different rates.
Sibley and Yamane (1966) describe a hand operated torsional vane 
shear apparatus, which can be used both in the fie ld  and in the 
laboratory, but only in soft, saturated cohesive soils. The device 
consists of 8 or more thin steel vanes mounted on a brass rod. The 
number of the vanes depend upon the nature of the soil. For fie ld  
testing the device can either be used separately or as a part of a 
shelby tube. The capacity depends upon the type of the vane used, the 
maximum capacity of the device being 1 ts f.
A pocket size vane device has been developed in England (Serota 
et a l , 1972). The equipment used a 19 mm size vane. Torque is 
supplied by a helical spring. The inner end of the helical spring is 
held in a spindle carrying the vane rod, while the outer end is 
attached to an aluminum casing.
Hansen (1951), Aas (1965), Bjerrum (1954), Liu and Thornburn (1964) 
and others have discussed the use of the vanes. Their equipment were 
essentially similar to those discussed above. In some cases they were 
modified to suit a particular need.
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In vane shear testing torque can be applied and measured in a 
number of viays. Some of the methods are, use of a torque wrench, 
wire passing over a pully and attached to a net winder (Skempton, 
1948), use of strain gauges to measure the torque, use of helical 
springs and use of worm gear arrangements. Osterberg (1965) considers 
the use of a torque wrench as a very crude method as i t  can result in 
bending and twisting of the torque rod. Also i t  is d iff ic u lt to 
maintain a uniform rate with this device. Use of the strain guage is 
better but the presence of a wire in the borehole may result in some 
complications. The Swedish method of applying the torque through a 
worm gear and use of recording paper to record the failure appears to 
be the best available method, (Osterberg, 1965).
A number of techniques are used to advance the vane to the test 
depth. One of these is to f i r s t  d r ill  a hole by wash or rotary 
borings, and then pushing the vane through a distance through the 
undisturbed so il. In this case the measured torque w ill include 
some frictional effect on the shaft. In some soils i t  has been 
possible to conduct tests at more than one depth without advancing the 
hole. During the advancing of the borehole the vane is kept inside 
a protective shoe. In soft clays the vane can be pushed without 
drilling  a hole. Tests have shown that the zone of disturbance due to 
the insertion of the cutting shoe does not exceed more than 50 cm 
(Flaate, 1966). I t  is therefore, recommended that the vane should 
be pushed at least 50 cm beneath the shoe before the actual testing 
begins. A third method is to push the vane directly into the soil 
without using any protective casing. The soil is less disturbed
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because a much lesser area 1s involved. In this case* friction  coupling 
enables one to delineate the rod friction  from the torque required to 
turn the vance. The last two methods cause the least disturbance and 
therefore are the best available techniques (Flaate, 1966).
The undrained shear strength can be computed from the torque 
determined by the vane test* with the following assumptions (Flaate, 
1966).
1. The vane test is completely undrained i .e .*  no 
consolidation takes place either during the installation  
or during the actual test.
2. No disturbance is caused by either the boring 
operation or by the installation of the vane.
3. The remolded zone around the vane is very small.
This necessitates a very small area ratio .
4. There is no progressive fa ilure. The maximum 
torque applied overcomes the fu lly  mobilized 
strength along the sheared cylinderical surface.
5. Isotropic strength conditions exist inside the 
soil mass.
Based on the above assumptions, following general vane equation 
has been developed by Cadling and Odenstad, 1948.
S = Shear strength 
T = Torque applied at failure  
D = Diameter of the vane 
Equation 5 is commonly used to determine the in-situ undrained 
strength from the measured torque.
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Skempton (1968) modified the equation to take Into account an 
"effective diameter". Skempton argued that 1t would be incorrect 
to assume that the failure surface has a diameter equal to that of the 
vane. The effective diameter 1s assumed to be the diameter of the 
actual shearing surface.
Using a dynamometer to apply the torque, Eden et a l, (1956) 
reconmended the following equation to compute the shear strength.
I f
S = Maximum or ultimate soil shear strength 
K = Vane constant 
d = Gear sector pitch radius 
F = Force measured by the dynamometer
The S = (6)
The vane constant is computed from the vane dimension. This 
equation also based on assumption of isotropic strength 
conditions.
The angle of twist 0 is modified to take into account torsional 
effect by the following expression.
0 = 0.0448R 6(a)
where 0 = angle of twist in degrees
R = Dynamometer reading times 100.
The undrained strength can also be determined by assuming that 
the end shear strength is mobilized proportional to the strain, 
(Flaate, 1966).
Reference Figure 5
For Sv = Sh = S (Isotropic stress conditions)
and H = 2D (General vane dimensions)
T = irD3 (Sv + f 1)
c - 8  J _
5 " 9 ‘ ttD3
Effect of Shape, Size and Rate of Strain
Effects of the shape include the effect of the area ratio and 
shape of the vane. The area ratio of the vane is defined as the 
cross-sectional area of the vane cross and the stem to the cross- 
sectional area of the circumscribed cylinder (Flaate, 1966). I t  is 
obvious that a smaller area ratio causes less disturbance and 
therefore is more desirable. A compromise has to be made, however, 
because the strength of the vane is directly proportional to the area 
ratio. Flaate, (1966) recommended a maximum area ratio of 15%. 
Osterberg, (1956) recommended an area ratio of not greater than 10%, 
in order to avoid excessive disturbance of the soil in the test zone. 
Effects of the area ratio in the Leda clay were investigated by Eden 
and Hamilton (1956) who concluded that an area ratio of 10.2% is the 
optimum value to measure strength up to 1 ts f. The above study, 
however, failed to determine a significant difference in the strength
of sensitive clays using vanes of 10% and 25% area ratios. Andresen 
and Soilie (1966) used the area ratios of 14, 16.5 and 24% for the 
Inspection vane. These variations In the area ratios did not result In 
any significant difference in the strengths.
During the early stages of the development of the vane shear 
device, the Swedish engineers concluded that a cylindrical vane, with 
a height diameter ratio of 2, gives very consistent results. Since 
then, almost a ll the vane tests are conducted using the vanes of the 
above height to diameter ratio. As discussed earlier, the total 
mobilized strength consists of two parts, one mobilized along the 
vertical face and the other along the top and the bottom ends of the 
vane. In isotropic soil conditions, the shape of the vane is not 
important because strength per unit area remains the same in a ll 
directions. The strength determined is representative of the in-situ  
strength. Most natural soils are anisotropic in nature. Therefore, 
the results of the tests conducted by using vanes with a single! H/D 
ratio cannot be used to evaluate the degree of anisotropy of shear 
strength possibly resulting in unsafe design (Blight, 1970). Using 
vanes of different height-diameter ratios and shapes other than 
cylindrical, the strength along the vertical and the horizontal planes 
can be determined. (Aas, 1965, Blight, 1970).
Cadling and Odenstad (1950) used vanes of 5.5, 6.5, and 8.5 cm 
in diameter with an H/D ratio of 2. The tests indicated that for 
this ratio , the size of the vane does not have any effect on the 
results. Tests conducted by other researchers in Sweden showed the 
same results (Osterberg, 1956). Use of a particular size of vane
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depends upon the type of the so il, with larger vanes being used for 
the weaker soils. Also, Bazett et a l, (1961) did not find any 
significant difference in strength by using different types of vanes.
In sticky soils the vane dimensions may cause some errors, as larger 
vanes w ill have a large quantity of clay sticking with i t  when pushed 
to the next depth, (Flaate, 1966). Tests were carried out in the 
muskeg deposits to determine the effect of various vane sizes in 
organic soils (northwood et a l,  1970). The vanes with smaller diameters 
showed a very large scatter. The scatter of the results was smaller 
when larger vanes were used. The suggested reason for this is that 
the use of a large vane insured shearing of a representative number 
of fibers thus strength more representative of the peat strength was 
measured. The study also found that a 10.5 cm diameter vane was best 
suited for tests in the muskeg. The laboratory vane test results may 
not yield correct strength estimation due to very small vane size.
An important factor in determining the shear strength is the
rate of application of the torque or the rate of strain. Early 
studies indicated that an increase in the strain rate from 0.1° to 1.0° 
per second results an increase of ZQ% in shear strength (Cadling and 
Odenstad, 1950). Skempton, (1948) recommended an applied strain rate of
0.1° per second. A rate of 0.1° per second leads to completion of the
test in 3 to 10 minutes. This rate has been used by many researchers 
(Osterberg, 1957, Gibbs et a l, 1957, Carlson, 1948, Flaate, 1966, e tc .). 
A rate of 0.06° per second has also been used (H il l,  1957). Eden and 
Hamilton (1957) describe a test whereby a controlled rate of stress is 
applied until ultimate shear occurs. The applied rate of strain equals
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the rate of strain in soil when the applied torque equals the resisting 
torque, the rate of strain increases as the shear progresses. In this 
test the applied shearing rate of 6° per minute. In tests conducted 
by the RUM-ORB an angular speed of 9.8 rpm (Anderson et a l, 1972). Rates 
of 12° per minute (inderbitzen et a l, 1972) and 0.006 to 0.02 rad/second 
(Richards et a l,  1972) have been used in other deep sea studies. A study
was conducted in fissured sensitive leda clays by varying the rate of 
strain. These variations caused failure to occur in times varying be­
tween 45 seconds and 15 minutes (Bazett et a l , 1961). The results did 
not show any significant differences in strengths. In cases of deep sea 
testing, a rate of 80° per minute has also been used (Richards, 1972).
Flaate, (1966) conducted a study on the effects of time delay. The 
results showed that the shear strength has a high value after 15 minutes, 
normal value after one hour and again a high value after four to six hours. 
The author did not offer any possible explanation for this behavior.
Installation of the vane causes disturbance and change in stress 
conditions. In clays, this change usually results in a change in pore 
pressure with l i t t l e  or no change in effective stress. With time, how­
ever, this w ill result in change in effective stress and w ill cause
some consolidation. The following table shows the influence of the
loading rate (Skempton, 1948).












Flaate, 1966, recommended that the vane test be completed within 
five minutes of the installation of the vane.
Surface and Mode of Failure
The vane is assumed to shear a cylindrical volume of soil having 
the same dimensions of the vane, that is the diameter and the height 
of the sheared cylinder equal that of the vane. I t  is assumed that 
the soil inside and outside the cylinder remains in its  original 
condition. During the early stages of the development of the vane, a 
block of soil was removed after shearing and was subjected to visual 
examination. The conclusion was that the clay had ruptured along a 
surface with almost circular horizontal cross section, and the diameter 
of the ruptured circle equaled to that of the diameter of the vane 
(Carlson, 1948). A similar study was conducted by taking photographs 
of the soil sheared by the vane. I t  shows that vane shears a 
cylindrical area, and soil within and outside of the area remains 
completely undisturbed (Holtz, 1961).
Skempton (1948) used the term "effective diameter" to denote 
the actual diameter of the cross-section of the sheared soil. By 
comparing the laboratory compression results with the fie ld  vane 
results, Skempton concluded that the effective diameter is about 5% 
greater than the actual vane diameter.
A series of tests were conducted in order to develop a method 
for preselecting duration of the vane test in s ilty  soil to measure 
fu lly  the undrained strength (Blight, 1968). I t  was assumed that 
during the actual testing, excess pore pressure is set up in a sphere 
of influence with a diameter a. The diameter a depends on the applied
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torque and therefore on the shear strength of the potential failure  
surface, (Figure 4). I t  was also assumed that the pore pressure on the 
surface of the sphere of Influence remains hydrostatic and therefore I t  
can be taken as the drainage surface. Blight had developed empirical 
curves between the time factor and the excess pore pressure. The 
theoretical curves f i t  these empirical curves for a = D, where D is the 
diameter of the vane. I t  Implies that the zone of disturbance does not 
extend beyond the actual vane diameter.
Mathematical equations are available to compute the shear strength 
from the vane test, for a uniform distribution of stress as well as 
for the case of progressive failure. I f  a linear distribution of 
shear stresses with a maximum shear stress at the edge and zero at 
center, then the calculated stress is only 3.6% less than that obtained 
by assuming uniformly distributed strength (Osterberg, 1957). In the 
vane test the natural state of existing stresses remains almost 
unchanged during the installation of the vane. This is especially true 
for the lateral confining stresses. In the lab tests however, these 
stresses do alter substantially (Burmister, 1957).
In the vane test the surface of shearing failure is forced to 
follow a prescribed path, although this may not correspond to the 
weakest plane. Shear stresses are mobilized f irs t  and are concentrated 
at the rigid metal cutting edge.
In a homogenous, normally consolidated so il, the stress-strain 
curve does not have a well defined peak. Large amounts of strain are 
required to bring such soils to their maximum shearing strength.
The influence of the concentration of the stresses on the computed
Sphere of influence
FAILURE SURFACE
- 4,*-: , ■ -
FIGURE 4
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strength is therefore very significant. The vane test in such soils 
w ill give the correct strength (Burmister, 1957).
In over consolidated and b r itt le  soils, however, the concentration 
of the stresses can lead to progressive failure. In such soils, small 
strain is required to reach the peak. The concentration of stresses 
w ill ,  therefore, prevent mobilization of fu ll strength, resulting in 
lower values (Burmister, 1957). The significance of progressive 
failure w ill depend upon the degree of remolding by the installation  
of the vane and the stress-strain properties of the clay. Flaate,
(1966) agreed that there may be zones of high concentration of stresses 
in places other than around a circumscribed cylinder and changes in 
horizontal stresses are probable due to the rotation of the vane. These 
factors may lead to a low strength value.
The vane shear test is assumed to measure in-situ undrained 
strength. Due to small duration of the testing time in clays, this 
assumption is quite valid. In s ilts , however, the duration has to be 
very small in order to have the undrained conditions. Blight (1968) 
conducted a study to determine the appropriate duration of the vane 
test in s ilty  soils. Pore pressure is developed as a result of
a) advancing of the vane and b) rotating the vane during the actual 
testing. The study indicated that the delay between the insertion and 
start of shear has very l i t t l e  influence on the measurements in s ilts . 
The larger vanes required more time for dissipation of pore pressure, 
mainly because of larger sphere of Influence (Figure 4).
Blight (1969) and Lo et al (1969) concluded that in fissured clays 
the vane strength closely reflects the strength of the intact clay
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between the fissures and the remolded test creates an a rtif ic ia l 
slllckenslde, thus more closely reflecting the strength along a 
fissure. Due to a slight drop in pore pressure, the vane strength 
is higher along this a r t if ic ia l silickensides than along a natural 
fissure.
In organic soils, the strength 1s mainly derived from its  fibrous 
action and fric tio n , the main part being provided by the fibrous 
action. This strength is independent of pore water pressure arid there­
fore is not dependent upon the rate of loading (Northwood et a l, 1971). 
The strength depends upon the size of the vane with a larger vane 
representing the in-situ strength more accurately.
Aas (1965) concluded that for the applied torque not exceeding 
80% of the failure value, the deformation of clay is perfectly 
elastic. Further loading causes a constant rate of plastic deformation. 
Effects of Anisotropy
Isotropic strength conditions have to be assumed in order to 
calculate the vane shear strength from a single test. In most of the 
soils, however, isotropic strength conditions do not exist. Aas (1965) 
determined the strength along the horizontal plane to be 1.1 to 2.0 
times that along the vertical plane. Flaate, (1966) also observed the 
horizontal strength component to be twice of the vertical strength 
component. In organic soils, however, tests for anisotropy showed 
that the strength in the vertical direction is considerably higher 
than in the horizontal direction (Northwood, 1971).
Aas, (1965) determined the horizontal and the vertical strengths 
by conducting tests, using vanes of different shapes with H/D ratio
varying between 0.5 to 4. These stresses can be computed by adopting 
the following method.
Equation ( ) can be written as; (Appendix A)
T = HDH (D/3) Sv + 2 (nD2/4) (D/3) Sh
or [2/nD2H). T = Sv + Sh (D/3H) (8)
When [2/nD2H].T Is plotted as the abslcssa and [D/olJ] as the
on
ordinate, the intercept of this curve at [-D /^ ] on the x-axis, directly 
gives the value of the anisotropy ratio. The anisotropy ratio is 
defined as the ratio of the shear strength along the horizontal plane to 
the shear strength along the vertical plane.
From the above test, i t  was found that a higher value for the 
normally consolidated soils while lower values were observed for the 
over consolidated soil.
Blight (1970) conducted a series of tests to determine the vertical 
and horizontal strength components.
I f  S is the measured undrained strength obtained by assuming 
isotropic conditions, then the results of Blight's study indicate 
that,
a) I f  H = 2D and R, which is a ratio of vertical to 
horizontal strength components (R = Sv/Sh) ,  exceeds 
0.5, the measured strength S, is virtually equal
to Sv with Sh having l i t t l e  or no effect on the 
measured strength.
b) I f  R>2, then masking of Sh could lead to dangerous 
circumstances.
The R ratio was determined by making a set of parallel vane 
measurements with vanes having height diameter ratios of 2 and 1/3.
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For H = 2D then T ^  = nD3/6 (6Sv + Sh)
H = 1/3 D then T(1/3Dj = nD3/6  (Sv + Sh)
The above equations were obtained by substitution of appropriate 
H values In terms of D in the general vane equation
T(2D) = 6Sv + Sh
T(1/3D) Sv + Sh
T(2D) _ 1 + 6R
or t cT/3d7 " (9)
The value of R can therefore be determined. Tests indicated 
that soils compacted in the laboratory had isotropic strength conditions 
while the recently compacted f i l l s  had high an-isotropic properties. 
Sensitivity:
Sensitivity is defined as the ratio  of the undisturbed, unconfined 
strength to the remolded unconfined strength of soils (Terzaghi and 
Peck, 1969, pp 31).
The vane test has been extensively used to determine the sensi­
t iv ity  of the clay. Remolded tests are conducted by turning the vane 
several revolutions* after shearing the undisturbed soils, for a few 
times and then repeating the shear test (Fenske, 1956, Eden et a l , 1957,
Hall et a l, 1966, Bazett et a l, 1961, Serota, 1972, Skempton, 1948, 
etc .).
Fenske (1957) conducted a number of fie ld  vane, miniature vane, 
unconfined and consolidated undrained tests on the site and on samples 
obtained from Gulf of Mexico. The "maximum" fie ld  and miniature vane 
strength correspond to the peak torque applied while the "minimum" 
strength corresponds to the torque to produce continued rotation. The
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recommended procedure of turning the vane a few times after completion 
of the undisturbed test was not followed.
A comparison of sensitivities based on the ratios of undisturbed 
to remolded strength for the unconfined test, and ratio of maximum to 
minimum shear strength determined by the laboratory vane test, Is 
shown In the following table.




( f t ) Max. Min. Max/Min U R U/R
0 0.275 0.075 3.64 0.237 0.123 1.93
25 0.350 0.100 3.50 0.300 0.137 2.16
50 0.425 0.125 3.40 0.350 0.163 2.14
75 0.500 0.150 3.34 0.425 0.175 2.42
100 0.585 0.173 3.34 0.488 0.220 2.20
125 0.663 0.180 3.64 0.550 0.230 2.40
150 0.750 0.200 3.75 0.612 0.250 2.44
Eden and Hamilton (1957) conducted the fie ld  vane tests and 
the lab vane tests on Leda clay, which is a very sensitive soil. 
The remolded strength was determined by the following two
ways.
(1) Measuring the strength after turning the vane 
four times in the undisturbed sheared soil.
(2) Completely remolding the sample in a mechanical 
mixer.
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The results show that the sensitivity calculated by taking the 
ratio of undisturbed to vane remolded strength Is smaller than that 
computed by taking the ratio of the undisturbed strength to completely 
remolded strength.
The reason for this may be that the Leda clay regain some of its  
strength with time and i t  may be that the process of regaining the 
strength along the remolded surface 1s quicker than that in a completely 
remolded body Eden and Hamilton, (1957).
Tests conducted in the Leda clay indicated that the sensitivity 
determined from the lab tests were much higher than that determined 
by the fie ld  vane. No consistent relationship was found between the 
fie ld  and the laboratory sensitivities. The remolded fie ld  vane 
test could be used as an indicator of change in strata and as a 
control in technique and apparatus. However Eden and Hamilton (1956) 
established that the test is not very useful to determine the 
sensitivity, Hall, et al (1966) also concluded that the sensitivity 
ratios are not consistent where determined by the lab-vane test.
Bazett et al (1961) conducted the remolded test with the use of 
the fie ld  vane, by turning the vane six times and resting for 1/2 
minute. I t  was found that increase 1n number of rotations and decrease 
in resting time resulted in lower strength.
Frictional Effects
When the vane is pushed into the so il, frictional forces act 
between the rods and the soil and also between various moving com­
ponents. The measured torque also takes into account these frictional 
forces. A correction factor has therefore been applied to the vane
results before the undrained strength could be determined.
In early versions of vane shear device, the most common method of 
determining the frictional effect was by turning the rod in the borehole, 
without the vane being attached to i t .  The torque required was then 
subtracted from the total torque (Bannet and Mecham, 1957, H ill et a l , 
1957, Flaate, 1960, Fenske, 1957). Recently developed equipment has a 
friction or slip coupling. This measures the torque required to 
overcome the frictional effects and the torque required to rotate the 
vane separately, but in the same test. The frictional effects can 
easily be determined from the curves plotted on the self recording 
papers.
Campari son Between Field Vane and Other Shear Strength Tests
There are certain basic differences between the fie ld  vane tests 
and other shear strength tests. They include differences in testing 
procedure state of stresses during the testing and change in stress 
conditions due to sampling procedure.
In the vane test the natural state of the stresses existing in the 
ground remains unaltered, especially the lateral confining stresses.
In unconfined compression tests these stresses are grossly altered. 
Generally the unconfined test gives 1/2 to 3/4 of the strength 
obtained by the undrained triax ia l test where the original lateral 
conditions are restored (Burmister, 1957). The shear strength deter­
mined by the vane test is a cumulation of average effective stresses 
which are d iffic u lt to determine. The vane test or any other in-situ  
test w ill be more nearly represented by a test in which pressures are 
reapplied but are less than that which overcome the inherent strength 
or may cause consolidation (Gibbs et a l,  1960). Insertion of the
vane does change the original stress condition (Flaate, 1966), however, 
these changes are very small compared to that caused by the removal 
of a sample from its  environment. Nordlund et. a l, (1970) presents the 
argument that the vane test corresponds to a test 1n which the principal 
stress is measured horizontally. Mencel (1961) concludes that the 
comparison of the vane test and the unconfined test is impossible due 
to the nature of these tests. In unconfined compression test the mean 
principal stress equals the minor principal stress, while in a ll the 
other tests this value is larger than the minor principal stress.
Carlson (1948) compared the vane shear strength with the uncon­
fined test, cone penetration test and theoretical analysis with slides 
6 meters and 18 meters deep. At shallow depth the vane strength 
corresponded with the unconfined test, while at larger depths the vane 
test gave higher values. Undrained shear strength values appeared to 
correspond with the strength calculated by the analyses of slides.
Laboratory tests conducted by Skempton (1948) on alluvial soils 
did not show any strength increase with the depth, the vane test, 
conducted on the same soil did show increase in strength with increase 
in depth. I t  was found that the vane test and unconfined compression 
tests were in close agreement up to the depth of 40 f t . ,  below this 
depth, however, the vane strength showed a rapid increase. Bannet and 
Mecham (1953) found that the vane test gave higher strength than the 
unconfined test, but lower than the consolidated undrained test.
Aldrich (1953) compared the vane test with the unconfined 
compression tests. In very soft uniform clay and s ilty  clay the vane 
test gave twice as much strength as the unconfined test. Values for 
soft s ilty  clay were 950 psf for the vane and 700 psf for the unconfined
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test. In varved clays and s ilts , both the vane and unconfined 
compression tests Indicated similar strength.
Swedish, Norwegian and English Investigators have reported that 
up to the depth of about 40 f t .  the shear strength as determined by 
the vane and the unconfined compression test compare well, below this 
depth, however, the vane test gives higher strength (Osterberg, 1957). 
Results from the tests conducted In the Gulf of Mexico, show that the 
strength obtained by the laboratory vane and the unconfined compression 
test are comparable and they show some rate of Increase with depth.
The fie ld  vane strength was higher than both of the unconfined and quick 
triax ia l tests. The undrained triax ia l test, however, had a higher 
increase rate with depth (Fenske, 1957).
An analysis of thirty-one tests conducted with the Oregon State 
vane device and the direct shear test show that the two tests have a 
positive correlation with a correlation coefficient of 0.722. The 
following relationship was developed between the two tests by 
the linear regression analysis (H ill ,  1957) with a standard error 
of 1.8 psi.
y = 0.76 x + 0.88 (9)
y = strength obtained by the direct shear test (ps1)
x = strength obtained by the vane test (ps1)
From study conducted on the Leda clay i t  was concluded that the 
vane test gave higher and more consistent strength than1the laboratory 
tests (Eden and Hamilton, 1956). This was attributed to the disturb­
ances caused by the re lie f of stresses when a sample is removed from
its  environment. Analysis of two land slides also revealed that the
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vane test predicted the strength more closely than any laboratory 
test.
Because the vane shear Is an undrained test, strengths are compar 
able to the shear strength determined by the unconfined compression 
test.
In saturated clays there are two groups of s tab ility  problems, 
namely the end of construction stab ility  and the long term stab ility . 
The application of both the vane and the unconfined test values should 
be limited to the approaching end of construction stab ility  (Andresen 
and Bjerrum, 1957).
From their long experiences of the vane testing in Swedish clays, 
Cadling and Linskog (1957) developed the following table for the 
correctness of the vane strength values depending upon the type of 
problem and soil stress history;
Type of Problem
Normal ly Over 
Consolidated Consolidated
1. Short term bearing capacity 
(No drainage)
correct correct
2. Long Term bearing capacity conservative unsafe
3. Slope, temporary cut 
(No drainage)
correct correct
4. Slope, long term cut unsafe (swelling) unsafe
5. Natural slope conservative unsafe
The authors also concluded that in Swedish clays the vane results 
are very reliable for the stab ility  analysis. Subject soils are soft, 
normally consolidated clays with high plasticity and are of marine and 
lacustrine origin.
The vane test was found to be helpful In identifying the Leda clay 
below the fissured zone. A trend of increasing strength with depth 
was also established. I t  has been possible to show a consistent 
relationship between surface elevation, preconsolidation pressure and 
undrained strength. Results showed that the vane test gave a strength 
value higher than the triax ia l compression test, but lower than that 
obtained from the block sample. The fie ld  vane test gave more 
consistent and more reliable results (Eden, 1966 and 1971).
Tests conducted in the soft San Francisco Bay soil showed that 
the fie ld  vane test gave the highest strength values, followed by the 
laboratory vane values, while the undrained triaxial test appeared 
to yield lowest strength values (Hall and M iller, 1966).
Tests conducted with a torsional vane in saturated cohesive soils
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showed a close agreement between the vane shear strength and the 
unconfined strength for the soil strengths between 0.4 and 0.6 ts f. The 
vane appears to give higher values for strengths less than 0.4 ts f, 
while the unconfined test gave higher values for soil strengths above 
0.5 ts f (Sibley and Yamane, 1966).
Investigations by the RUM-ORB, showed that the fie ld  vane 
strength values were higher than that determined from the triax ia l and 
the unconfined tests, (Anderson et a l, 1972). A comparison between 
the fie ld  and the laboratory vane test values, 1h another deep sea 
investigation, also showed the laboratory strength to be lower than 
that obtained by the fie ld  test, (Richards et a l, 1972).
Studies by the Submersible Deep Quest indicated that at water 
depths of 100 to 600 f t . ,  the laboratory vane strengths were lower
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than the in-situ vane strengths. The reverse was found to be true 
below 1200 f t .  Analysis of the results indicated a linear correlation 
between the shear strength and depth of sediments. The largest 
variation in 1n-s1tu strength was found to be near the surface, 
decreasing with Increase 1n depth, (Inderbltzen et a l, 1972). A series 
of vane tests conducted at the WHliard Dam s ite , Utah showed that the 
vane test yielded higher values than the laboratory tests. The vane 
test also showed an increase with depth and with increase in effective 
stresses (Gibbs et a l , 1966). Reitz (1966) analyzed a slide, with the 
assumption of a 0 = 0 envelope for uniformly computed stresses under 
failure condition, and found i t  to agree within 5% of the average vane 
strength.
The vane test conducted in muskeg showed that the strength of 
the muskeg varies directly with depth, angular deformation and ash 
content and inversly with the moisture content. These results were 
verified by fa iling  an instrumented f i l l .  The strength obtained by 
this analysis agreed fa ir ly  well with that predicted by the vane. The 
shear strength of organic deposits determined by using the Radforth 
classification system agreed with the strength determined by the vane 
shear test (Anderson, 1962). An investigation of slides in fissured 
marine clays indicated a close agreement between the vane and the 
unconfined test up to a depth of 10 f t .  Below this depth the vane test 
showed higher strength, the difference is attributed to sample disturb­
ances and release of stresses. Factors of safety for the slope 
stability  computed from the vane test ranges between 1.2 and 1.7, 
while that from the unconfined tests were below 1.0. The vane test
results, however, were considered more reliable (Bazett et a l,  1966).
Blight (1969) analyzed the short term failure of composite slopes 
consisting of rock f i l l  dams, supported on a foundation of stratum 
of fissured clay* The slides were analyzed using Janbu's and Rendullc 
methods. The vane test measured the strength of the intact clays 
between the fissures and i t  bore l i t t l e  relation to strength mobilized 
in any of the slides. The vane strength of fissured clay was found 
to be 2 to 2 1/2 times the guide triax la l strength. For non-progressive 
slides, the computed strength agreed with that of the remolded vane
strength. Estimated strength in the bulk of the fissured clays are
50 to 60% of the measured value.
Tests conducted in Gulf of Mexico o ff Morgan City, Louisiana show 
that(Fenske, 1957):
(1) "Maximum" (undisturbed) fie ld  vane values were 
greater than both the "maximum" miniature vane 
values and undisturbed unconfined values.
(2) "Maximum" miniature vane values greater
than the undisturbed unconfined values.
(3) Remolded unconfined values were greater than
the "minimum" (remolded) miniature vane values.
Comparing the results of the vane and the conventional laboratory 
strength tests i t  was found that the most consistent and reproducible 
undrained shear strength test can be conducted by the fie ld  vane. 
(Crawford et a l, 1965).
Tests run on MIT test embankment showed the vane strength to be 
consistently higher than the unconfined compression and undrained 
triax ia l tests but lower than that determined by the plane strain and 
consolidated undrained tests. The factors of safety for the stab ility
were 1.0 for the u or uu test; 1.18 for the vane test and 1.50 for 
the plane strain test. Evidence favors the higher value to be more 
representative of the 1n-s1tu value (D'Applonla et a l, 1970).
From a series of tests conducted to compare the laboratory and 
the fie ld  test, large variations 1n the strength of the samples 
obtained for the same shelby tube were noticed. The highest strength 
being obtained from the sample taken from second quarter of tube 
from the bottom. In anisotropic soils the vane test should give 
strength less than that obtained from the comparison test. The test 
results, however, did not show the same trend, (DeLory and Salvas,
1969). The reason for this may be the effects of anisotropy.
A number of investigators have concluded that the vane results 
show the expected Increase In the shear strength with the depth and 
yield higher values than the laboratory tests (Hansen, 1951, Hall, 
1963, Hlronaka, 1969, Eden and Crawford, 1957, Hoeg, 1969, e tc .).
From a series of tests conducted on embankments made up of the 
soft Bangkok clay Holmberg (1972) concluded that the vane device 
overestimates the true 1n-s1tu strength. This was attributed to the 
shape of failure plane and the rotation of the principal stress.
Hoeg, et. al (1969) discussed a procedure to backflgure shear 
strength of soil based on the analysis of a slope failure. The shear 
strength was computed assuming the coefficient of earth pressure at 
rest (Kq) as unity and the measured pore pressure as a function of 
elastic shear stress at every point. The vane shear gave a value 
10%-155K lower than the back figured value. I t  was shown that the 
approximate value of the Young's Modulus (E) can be computed by
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E = 1000 Su
where Su 1s measured fie ld  vane strength.
For the normally consolidated soil shear strength can be related 
to effective stress p, and may be expressed by the ration (c/p) where c 
Is cohesive strength of soil. This ratio for London clay has been 
determined to be 0.17, the ratio obtained by the vane test was 0.195 
(Skempton, 1948). Lea (1953) found the slope of c/p line to be between 
0.2 and 0.4 from the values obtained by the vane test (c/p ratio is the 
ratio of undrained shear strength to effective overburden pressure).
Slope of Mohr's envelope for the consolidated undrained test also had 
a value similar to c/p ratio . Magnitude of the vane strength also 
compared well with that of a consolidated undrained test when the 
confining pressure was taken as the sum of present overburden and 
precompression pressure.
The vane and the unconfined compression and undrained triaxial 
strength tests were conducted on soft organic so il, both prior to and 
after the construction of test sections. Unconfined tests yield values 
less than half of the vane strength. I t  is hypothesized that the 
stability analysis, fie ld  test and direct shear tests measure 
strength on the fialure plane while unconfined compression and 
undrained triaxial tests measure the maximum strength. The fie ld  vane 
overestimated the in-situ strength (computed by the stab ility  analysis) 
by a factor of 2. The consolidated undrained test yield strength more 
compatible with in-situ strength (Ladd et. a l, 1962).
In-situ tests were conducted on a stratum of a s ilty  clay with 
highly developed system of fissures. The tests included the in-situ
58
shear box test the plate loading test and the fie ld  vane test. The 
fie ld  vane strength Is a measure of the strength of Intact clay, (Lo, 
et. a l, 1969).
Liu and Thornburn (1969) used the vane test to determine the 
in-situ strength of near surface soils. The authors developed the 
following empirical equations to determine the undrained strength, 
from the index properties.
C = 2.00 - 0.0 415 U + 0.025 PI 
when C = undrained shear strength psi
W = natural moisture content 
PI = Plasticity index.
The equation is based on relatively low correlation coefficient 
(r) and is only applicable to the soils of low PI. The index 
properties of. the soil obtained from the vane and from the shelby tube 
were significiantly different, implying that there is no basis of 
comparison between the vane and the unconfined test. They also 
developed the following relationship between these tests,
C = 1.24 + 0.10 qu. 
where C = fie ld  vane strength psi
qu = observed unconfined strength psi 
Adams and Radhakrishna (1971) analyzed the difference in 
undrained strength, as obtained by the vane and the laboratory tests, 
in terms of changes in the effective stress during the sampling 
process. The negative pore water pressure caused by the removal of 
overburden and known as suction 1s estimated by assuming no disturb­
ance during the sampling and handling. Loss of suction would cause
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a decrease 1n the measured strength by the laboratory tests. Adams 
and Radhakirshna, Ladd and Lambe 0962) and Skempton (1967) have 
suggested methods for applying this correction. I t  was noted that 
the corrected values are about 70% of the in-situ measured value 
but are much higher than the laboratory test values.
A recent study conducted on the site  of the failure of a grain 
elevator, showed that the use of unconfined compression strength in 
slope stab ility  analysis resulted In a factor of safety of 0.80 to 
0.86, while the use of vane values when corrected for progressive 
failure gave a factor of safety of 1.00 to 1.10 (Nordlund and Deere,
1970).
Uses and Limitations
The vane test has been found to be most suitable for soft and 
sensitive clays. The test yields very consistent and reliable results 
in soft sensitive clays and highly organic soils. The vane test can 
be used to determine increase in strength due to consolidation under 
an embankment or surcharge.
Aldrich (1953) suggested use of the vane test to determine the 
maximum rate of which f i l l  can be placed without causing shear failure* 
This rate depends upon the ratio of the available to required shear 
strengths. The strength requirement increases with the increase 
height of f i l l .  The available strength also increases due to the 
consolidation. The vane test is relatively simple and economical 
compared to the conventional sampling and lab testing processes.
The greatest advantage of vane shear test is that i t  Is an 
in-place test. Changes in stress resulting from release of the over
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burden pressures causes some disturbances. This source of error 1s 
completely absent 1n the vane shear test. Terzaghl (1953) has shown 
that the stability  computations based on the 1n-s1tu vane shear test 
has an error on the safe side. The vane test has been successfully 
used for bearing capacity problems and for determining stab ility  both 
In the natural and temporary cuts.
The vane test Is not suitable for s ilts , b r itt le  clays (Terzaghi, 
1953) and fissured clays (Blight, 1959). In the fissured clays the 
vane test measures the strength of the Intact clays between the fissures. 
The remolded strength, however, corresponds more closely to strength 
along the fissured planes.
Summary
Kallstenius, (1961) considered the vane tes t, like a ll other tests 
producing local failure surface, to be influenced by volume change and 
local variations in soil pressure. The displacement of so li, although 
present, is of lesser significance than In the case of the penetration 
test. Another drawback of the vane test is that i t  forces a plane of 
failure which may not correspond to the weakest plane. Like a ll the 
fie ld  tests, no sample 1s obtained for a visual Inspection, presence 
of shells, nodules of lime and wood, e tc ., may lead to some wrong con­
clusions. Bjerrum (1959) considered the vane test unsuitable for clays 
with over consolidation pressure greater than 3 ts f.
Since the development of the vane shear device, there have been 
a number of improvements in the application of the torque, recording, 
measurement of friction and advancing techniques. For example the 
Nil con vane borer has a self-recording arrangement and mechanism to
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apply load at a controlled rate. The device also has a slip coupling, 
this separates the torque required to overcome the friction  and to 
rotate the vane. Any friction correction Is therefore not necessary.
In soft soils, the vane can be pushed directly while 1n s t i f f  
soils predrilled boreholes can be used. The vane should however be 
pushed at least 18 in. to Insure its  being 1n the undisturbed soil.
The vane is very useful in soft, sensitive and organic soils.
The opinion of the researchers is divided on the use of the vane in 
varved clays. The vane is , however, not suitable for s t i f f  clays, 
silts  and sands and gravelly soils. In coarse grained soils, the vane 
measures the undrained strength, and in such soils completion of the 
test in a time short enough to maintain an undrained condition is very 
d iffic u lt.
Cadling and Lindskog 0956) has concluded that the vane test is 
either conservative or ranges from conservative to correct when used 
to study the short term bearing capacity and slope of temporary cuts 
for both normally consolidated and preconsolidated clays. The test 
is also valid for studying the s tab ility  of natural cuts and long 
term bearing capacity in normally consolidated clays. The test may 
yield unsafe value for long term slope s tab ility  of cuts for both the 
normally consolidated and over consolidated soils. The test should 
not be used for determining long term bearing capacity and stab ility  
of natural slope in over consolidated clays.
The vane test, in general, gives higher strength values compared 
to those given by the unconfined and the unconsolidated, undrained 
tests conducted on samples obtained by the tube samplers. Some
tests conducted on block samples, however, yield higher strength 
values than the vane test. Consolidated undrained tests appear to 
give slightly higher strength than that given by the vane test.
The vane test 1s relatively simple and can be accomplished with 
a regular soil exploration program. No special rig or specially 
trained crews are needed to conduct this program.
CHAPTER I I I  
GENERAL
Research Plan
The main alms to this study were to:
(a) understand some of the peculiarities of fie ld  vane test, and 
to develop a correlation between the fie ld  vane and convent­
ional laboratory tests.
(b) develop correlation between standard penetration, pocket- 
penetrometer, unconfined compression and fie ld  vane test.
(c) study the pocket penetrometer test.
To achieve the above, the following areas were selected for the 
detailed study.
Taper Effect on Observed Field Vane Strength
Field vane shear strength 1s determined from the measured torque by 
using coefficients developed 1n the general vane equation (Cadling and 
Odenstad, 1950). These coefficients do not take into account effects of 
the tapered sections of the vane (Fig* 5). The effects of neglecting 
the taper of the vane was studied in terms of end results, the shear 
strength.
Vane Size Effect
Various vane sizes are used for different soil conditions. Vanes 
of larger dimensions may not be able to shear soil which could be 
sheared by smaller vanes. In very soft soil a smaller vane may not 
produce the desired accuracy. Effects of the vane sizes were studied 
by using the vanes having different sizes (Fig. 6).
Anisotropy
The shear strength from the fie ld  vane test results is computed by 
















Note '■ Measurements in centimeters
SMALL VANE
DETAILS OF FIELD VANES 
FIG. 6
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1950). Most natural soils, however, are anisotropic to varying degrees. 
One phase of this study was performed to determine the possible effects 
of anisotropy on the computed and measured shear strengths.
Differences Between Actual and Theoretical Sheared Area 1n Vane Tfest 
The theoretical vane equation 1s based upon the assumption that 
the resistance to shearing 1s offered by a cylindrical surface with a 
height and diameter equal to. that of the vane. Past work shows that 1n 
some cases, the assumed and actual sheared areas were not equal. The 
extent of the sheared areas beyond the lim its of the vane dimensions 
were studied.
Comparison of Degree of Variability of Field Vane and Conventional 
Laboratory Strength Tests
This phase of the study was planned to compare the scatter of
strength values obtained by the fie ld  vane, unconfined compression and
undrained triaxial tests.
Effects of Testing Procedure
One of the objectives of this study was to compare the results of
fie ld  vane, unconfined compression and undrained triax ia l tests, and to
develop a correlation between these tests. There are basic differences
among test procedures mentioned above. In the case of the vane test, a
forced failure plane 1s created which may or may not be the weakest
plane, while in the unconfined or the triax ia l test, the fa ilure plane
in most of the cases correspond to the weakest plane.
Correlations
The fie ld  vane test does not produce a strength value directly 
equivalent to the unconfined or the triax ia l strengths. Following
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correlations were therefore developed to give designers a value with 
which they can relate vane shear to conventional test results.
a) Correlation between the fie ld  vane and the undrained triaxial 
test. The undrained triax ia l tests were conducted as a basis 
of comparison because the fie ld  vane test 1s also an undrained 
test.
b) Correlation between the fie ld  vane and unconfined compression 
tests. A correlation between the results ^ f two test methods 
was developed since the unconfined compression strength 1s one 
of the most commonly used laboratory strength.
c) Correlation between the lab vane and the fie ld  vane tests were 
developed to determine the effects of disturbances.
Sensitivity
Sensitivity of a soil 1s defined as the ratio  of unconfined undis­
turbed strength to unconfined remolded strength. The remolded strength 
is determined by completely breaking up of the structure of the soil, 
(completely remolded strength). A measure of remolded strength is 
made with the vane shear apparatus by making a second test after 
deliberately rotating the vane in place to develop remolding along 
the shear surfaces and then measuring the in-situ strength (vane 
remolded strength). Use of laboratory vane was made to measure both 
the vane remolded and the completely remolded strengths of a soil 
sample.
The sensitivity phase of this study was planned to compare the 
sensitivities as determined by fie ld  vane, laboratory vane, and conven­
tional shear strength tests.
Pocket Penetrometer
Pocket penetrometer was used to determine whether a correlation 
between this test and the standard penetration test exist. Another
aim of this phase of the study was to determine the effects of storage 
and handling of samples, by comparing the fie ld  and the laboratory 
pocket penetrometer results.
Standard Penetration Test (SPT)
The SPT 1s one of the most commonly used fie ld  tests. This phase 
of the study was conducted to compare the SPT, the pocket-penetrometer, 
the unconfined compression and the fie ld  vane tests.
Testing Methods
Following laboratory and fie ld  tests were conducted for this study
A. Laboratory Tests:
I )  Classification Tests:
Ci) Atterberg Limits tests
a l Liquid Limit test 
b) Plastic Limit test 
(1 i) Gradation Test
a l Hydrometer test 
I I )  Specific Gravity
I I I )  Moisture Content
IV) Strength Tests:
( i )  Triaxial compression test
(11) Unconfined compression test
(111) Laboratory vane test
(iv ) Pocket penetrometer test
B. Field Tests:
( i )  Pocket penetrometer test
(11) Standard penetration test
(111) Field vane test
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Following procedure was adopted to conduct the above mentioned 
tests.
I .  Classification Tests:
(1) Liquid Limit Tests:
All liquid lim it tests were conducted 1n accordance 
with ASTM Specification No. D424 
( i 1) Plastic Limit Tests:
These tests were run as specified by ASTM Specifications 
No. 0423.
At least three liquid and plastic lim it tests were 
conducted for core tested. More tests were run i f  
no two values were found to be within 5% of each other. 
Classifications shown 1n tables are based on Unified Soil 
Classification System.
I I .  Gradation Analysis:
Only hydrometer tests were conducted for the grain size 
determination. These tests were conducted in accordance 
with ASTM specification No. D422.
I I I .  Moisture Content Tests:
Moisture content determinations were made in accordance with 
ASTM D-2216.
IV. Strength Tests:
(a) Undrained Triaxial Compression Tests
Undrained traixial compression tests were conducted in 
accordance with ASTM D-2850. Applied strain rate was
0.015 inches per minute. Samples for completely 
remolded tests were prepared by completely breaking the 
structure of the undisturbed sheared samples and 
preparing a mold from i t  by compaction. Moisture content 
and density were used as the control c rite ria . Accept­
able differences, both for the moisture content and the 
density, between the undisturbed and the completely 
remolded smaples were kept as ±5%.
(b) Unconfined Compression Tests
Unconfined compression tests were conducted in accordance 
with ASTM D-2816.
Remolded samples were prepared by following the procedure 
described for the undrained tra ix ia l compression test.
(c) Laboratory Vane Test
All the laboratory vane tests were conducted on Farnell 
Model 280-A, manufactured by Leonard Farnell & Co., Ltd., 
Hatfield, Hertfordshire, England. Vane used for this 
test was 1/2  in. long by 1 /2  in. diameter.
Sample Preparation
A 4 inches to 4-1/2 inches piece was cut from the 
undisturbed core, rest of the core was used for either 
triax ia l or unconfined compression test. The sample 
to be tested by the laboratory vane was then trimmed to 
2 .8  inches diameter size. Tts height, weight and moisture 
content were determined. ;.<ifs sample was then coated 
with paraffin and packed with fine sand.
Testing Procedure
All laboratory vane tests were conducted with a strain 
rate of 20 degrees per minute. Undisturbed strength 
was determined by shearing the undisturbed sampling. 
Remolded strengths were determined by using the following 
procedure.
1} In itia l Vane Remolded Strength CR||_)
In it ia l vane remolded strength was determined by
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turning the vane through eight complete revolutions 
1n the undisturbed sheared samples and then deter­
mining the strength of the remolded surface.
Z) Completely Remolded (Rg^) and Second Vane Remolded 
Strengh CR3|_)
Vane strength of the completely remolded sample was 
determined after determining the In it ia l vane remolded 
strength C R -j[_)• Following the la tte r determination 
the vane remolded strength (Rg^ 0<F the above 
specimen was determined.
(d) Pocket Penetrometer
The pocket penetrometer used for this study had a maximum 
capacity of 4.5 tsf (kg /c^ ).
In f ie ld , one penetrometer test was conducted on every 
core extruded. In laboratory, five penetrometer tests 
were conducted on each sample.
(e) Standard Penetration Test (SPT)
A manually operated standard 140 lbs. hammer with a 30 1n. 
fa ll was used for a ll standard penetration tests,
(ASTM D1586-67). A 2 in. O.D. s p lit spoon sampler was 
used as a drive sampler.
An automatic hammer was also used for Lake Charles site  
1 B-3. This procedure was, however, abandoned in 
favor of the manually operated test due mainly to time 
factor and mechanical problems.
Samples from the sp lit spoon were mainly used for 
visual Identification of soils, moisture content 
determination, and In some cases, for the classi­
fication tests.
(f )  Field Vane Test
The Nil con Vane Borer Model M 70 was used for this 
phase of the study. This Is manufactured by Nil con AB, 
Box 56, S-43050, Kaallerad, Sweden. Capacity of the 
instrument is about 1,000 1n.-lb. (1150 kg-cm)
Following vanes were used for this study: (Fig. 6 )
Height Diameter
(cm) (cm)
1. Small Vane 5.0 11.0
2 . Medium Vane 6.5 13.0
3. Large Vane 8 .0 17.2
4. Modified Vane 6 .2 2.5
The f irs t  three vanes came with the equipment while the modified 
vane was fabricated here.
Both the undisturbed and the vane remolded tests were conducted 
in accordance with the procedure described in the instruction manual. 
The only change being that no waiting period was allowed after remold 
ing. This was done to avoid development of any thixotropic strength. 
Effect of Testing Procedure
Differences in fie ld  vane and undrained triax ia l or unconfined 
compression strengths would also include the effects of sampling 
disturbances in addition to the effect of testing procedure. A
comparison of the fie ld  vane strength and the conventional laboratory 
strength could therefore not be used to Isolate the effects of the 
basic differences in the testing procedures. Laboratory and fie ld  
vanes follow the same test procedure. Variations which may be the 
results of different testing modes ( i .e . triax ia l vs vane), were 
determined by developing a linear correlation between these tests by 
means of the SAS* program.
The equations obtained were in general form: 
p = m SuL + k (10)
where e = predicted laboratory strength from unconfined 
compression or undrained triax ia l tests 
SuL = °*>serve(* laboratory vane strength 
m, k = regression coefficients 
equation (  } can be rewritten as 
3/S i = m + k/s (11)
UL V
Laboratory vane and undrained triax ia l or unconfined compression 
tests were conducted on different parts of the same core. Effects of 
sampling disturbances are expected to be the same for both the 
laboratory and the conventional strength tests. Use of the same core 
for both tests minimizes the effects of natural variations on soil 
strength properties. Differences between the laboratory vane and the 
conventional laboratory strength tests were, therefore, mainly due to 
the differences in testing procedure of these tests, which was deter­
mined by using the following equation;
*  SAS 1s a regression program developed by North Carolina State 
University at Raleigh.
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Etp ■ 1 - e/SuL (12)
where
Etp “ Ê ect ° f  test1n9 procedure.
Taper Effect on Observed Field Vane Strength
The equation for calculating the shear strength from measured 
torque are generally based on cyHnderlcal or square tipped vane shape. 
Vanes used for fie ld  vane testings are tapered as shown 1n F1g. 6 . The 
torque required to shear a tapered vane 1n an anisotropic soil can be 
calculated by:
T = 2 Ra *  *•" o)
where
T = applied torque 
Sy = vertical shear strength 
D = actual diameter of vane 
H = height of vane at perimeter
Ra = Sf / Sv* anisotr°Py ra t*° 
a = taper angle
To simplify calculations, an equivalent height H' was assumed 
by adding one half of the taper length and assuming a is zero.
Thus








Thus the effect of taper can justifiab ly  be neglected for the 
large and the medium vane. In case of the small and the modified vane 
average dimensions were used to compute shear strength from the measured 
torque.
Effects of Vane Size
At all sites, fie ld  vane tests were conducted using different 
size vanes. Effects of vane sizes on the observed vane strengths were 
determined by conducting statistical analysis. F-tests were conducted 
on results from each depth and at each site in order to determine any 
significant difference between strengths measured by different size 
vanes.
Anisotropy
The general vane equation (Eq* 5) assumes an isotropic soil 
condition. I f  the condition of isotropy (Sy = Sh = S ^) is not assumed, 
then the equation - 5 can be written as:
M = torque required to turn a vane at yielding 
Ra = anisotropy ratio ($h/Sv)
Sh = horizontal shear strength
76
Sy = vertical shear strength
H,D = height and diameter of the vane 
Equation 5(a) has two unknowns S., and R_, these can be determinedV a
by using vanes of different height and diameters. Following equations 
were used to determine the vertical strength (Sy) and the anisotropy
ratio (Ra). Development of these equations are shown in Appendix A.
I f  Mg = torque required to turn the small vane at failure
Mm = torclue required to turn medium vane at failure
M1 = torque required to turn the large vane at failure  
Mmod = torque required to turn the modified vane at failure  
Hg = average height of the small vane 
Hm* Dm = avera9e height and diameter of the medium vane 
Hj, D1 = average height and diameter of the large vane 
Hmod* Dmod = avera9e height and diameter of the modified vane
(1) Small - Modified vane
Ra
7 .1 3 -3 .3 9  CMS/ W
= — Br —  ;—




( i i ) Medium - Modified vane
6.33 - 1.52 (VHmod)
'a'Z E Z  ;
1- 125,V.d ‘
13(b)
Sy = 0.83 x 10 o r S h r  ( t s f )  13(c)a
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(111) Large -  M o d if ie d  vane
_ 6.96 -  0.855 C M , /W
Ra '  M,




Determination of Effects of Sample Disturbances
Differences between laboratory and fie ld  vane strengths are 
presumed to be due to the following factors:
1. Effect of sampling disturbances
2. Effect of very large differences in the laboratory and fie ld
The second factor becomes important in soils with numerous pockets 
of weaker or stronger material. The laboratory vane shears a volume 
of soil 130 times smaller than that sheared by the small fie ld  vane 
(Table 1). A measured laboratory vane strength can therefore be 
representative of the strength of the weaker or the stronger pocket of 
material, rather than that of the whole core.
I t  is not possible to separately determine the above two effects 
due to varying degrees of non-homogeniouty of natural soils.
Differences between the laboratory and the fie ld  vane strengths were 
therefore used to determine the upper limits of the effects of disturb­
ances in sampling.
I f  E = Effects of disturbances 1n sampling (upper lim it)
Sû  = Observed fie ld  vane strength 
suL = Observed laboratory vane strength
vane sizes.



















8.0 17.2 18.01 2.15 2.25 865LARGE
MODIFIED 3.5726.23 2.54 0.407 0.57
LAB
VANE 1.27 1.27 1.27 1.61
Vane Dimensions 
Tab le  1
Correclations
Correlations between the fie ld  vane and undrained tra ix ia l or 
unconfined compression strengths were developed by using the SAS 
program. Following were studied to determine the significance of 
correlations developed.
1. Intercept: Theoretically there should be no intercept in 
the regression equation, a small intercept however can be 
expected due to the natural soil variations, human and 
experimental error.
2. Coefficient of correlations (r ) . I t  is a measure c
spread of a set of points about the line of regression
(Alder and Roessler, 1964, pp 164). A coefficient of
correlation of ±1 indicate that a ll points o f scatter
diagram lie  on a line while a coefficient of correlation
of 0 indicate no linear relationship between the variables.
o
3. Coefficient of determination (r  ): I t  is the proportion of 
the total variation in independent variable which can be 
explained by the linear relationship existing between the 
dependent and independent variables. The rest of the 
variation is due to experimental error (Adler and Roessler, 
1966 pp 172).
4. Coefficient of variation CCVl; the ratio  of standard deviation 
to mean, of the predicted values. Smaller coefficient of 
variation means a better correlation.
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5. Null hypothesis (H); for this analysis was
There 1s no* correlation between the fie ld  vane 
and the conventional laboratory strenghts.
In accepting or rejecting the null hypothesis 
following types of errors can be encountered.
Type I - rejecting the hypothesis when 1n fact 
the hypothesis 1s true.
a * p {rejecting HQ when HQ Is true}
Type I I  - accepting the hypothesis when 1n fact the 
hypothesis is not true.
3 = p {Accept Hq when HQ Is not true}.
6 . Within-sample sum of squares or sum of square of errors:
This represent a measure of dispersion within a sample 
about its respective sample mean. Its value depends only 
on the random changes occurIng in almost any experiment 
and thus represents the experimental error of the 
experiment. (Alder and Roessler, 1969 pp. 243).
Comparison of Variations i f  Various Strength Tests
Scatter of strengths obtained by various tests at a location and 
at same depth were compared by comparing their coefficient of 
variations (CV). Standard deviation alone, does not form a fa ir  basis 
of comparison because i t  may give higher values for the tests
*  Use Significant for p«0.05
Highly Significant for p«0.01
Very Highly Significant for p<0.001
measuring higher strength while coefficient of variation takes Into 
account both standard deviation and mean.
Sensitivity
Ratio of undisturbed to various remolded strengths were determined 
in the following way:
Laboratory Vane
SL -  1 = fiiL (15)
r1L
SL “ 2 = —  (16)
R2L
Field Vane
S- - 1 = Suf' f
R (17>1 f
where
SuL = Undisturbed laboratory vane strength 
S-jL = Vane remolded (laboratory vane)
R2L = Completely remolded (laboratory vane)
Suf = Undisturbed fie ld  vane strength 
R-ĵ r = Vane remolded strength (fie ld  vane)
Rĝ  = Vane remolded (2nd) strength after hand remolding 
SL -  1 = Ratio of undisturbed to vane remolded (lab vane)
-  1 = Ratio of undisturbed to vane remolded (fie ld  vane)
SL -  2 = Ratio of undisturbed to completely remolded
(lab vane)
For laboratory vane, a paired t-tes t was used to determine any 
significant difference between:
a) Completely remolded (R2L) and vane remolded - (R1L) 
strengths
b) In it ia l (R-|L) and second vane remolded strnegths.
CHAPTER IV 
FIELD TEST SELECTION
In-s1tu strength tests can be divided Into following general 
groups:
1. Penetrometers — static and dynamic penetrometers
2. Pressuremeters — Menard and Iowa borehole devices
3. Vane borer
4. Field shear box
5. Plate bearing test
Following conclusions were reached after a detailed study of the 
state-of-the-art of 1n-s1tu testing methods.
1. The test selected should be applicable to deep soil 
explorations. The fie ld  shear box test and the plate 
bearing test do not f u l f i l l  this requirement. The 
other three types do not have such limitations.
2. At the present state of the knowledge, results from the 
fie ld  tests are not directly used for the design 
purposes. The test selected therefore, should be such 
that Its  values could be correlated with either the 
undrained triaxial strength or the unconfined 
compression values. They are the two most commonly used 
design parameters.
Menard has developed a number of empirical rules to 
be used for designing the various types of foundations, 
retaining structures stab ility  of slope and settle­
ments under footings. No direct comparison with 
either the unconftned test or the undrained triax ia l 
test has been made. The Iowa borehole device*measures 
the c and 0 values corresponding to a drained test.
The penetration values can be reduced to the unconfined 
strength value and the vane shear test directly measures 
the undrained test.
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3. In both the Handy borehole and Menard pressure- 
meter, a borehole has to be drilled for the test.
This is likely to cause some disturbances. Thus, 
the measured strength may not be a true 
representative value of the 1n-s1tu strength.
4. The procedure for the testing of the Handy borehole 
device recommends a waiting period of 10 minutes after 
the f irs t  and 5 minutes after subsequent loads. This 
period 1s not sufficient for complete consolidation In 
most of the clays. The test, therefore, Is somewhere 
between the quick and the consolidated undrained 
test. Test procedures require the boring of a smooth 
hole. In actual fie ld  conditions especially at greater 
depths, this condition is very d iffic u lt to achieve.
5. Jacobson C1969) developed a mathematical model for 
theoretical comparison of fie ld  vane and unconfined 
compression strength. Jacobson also indicated that no 
such mathematical model 1s possible for the penetration 
test. Availability of a theoretical model for comparing 
the fie ld  vane and unconfined compression strengths 
gives the vane test an advantage over the penetration 
test.
6 . As the testing procedure of laboratory and fie ld  vane 
tests are very similar, differences in strengths, as 
measured by the laboratory and the fie ld  vanes, can
be used to determine the effect of disturbances due to 
the sampling.
7. Comparison of laboratory vane and unconfined or undrained 
t r i  axial compression tests can be used, to determine
the effects of differences 1n testing procedure between 
the vane and conventional laboratory tests.
8 . The penetration tests do not directly measure the shear 
strength. These tests were developed to determine
the boundaries of various layers 1n a soil mass.
The utilization of the penetration resistance 1s 
based on purely empirical grounds. The other tests are 
developed to determine the shear strength.
9. A review of the literature Indicates that the penetration 
tests are more suitable for non-cohes1ve soils. The 
SRT was selected to study the desirability of use of 
this test 1n cohesive soils.
10. This study could result in adopting a fie ld  test 
in regular exploration and testing program, by 
various agencies. The test selected should, there­
fore, be simple enough to be conducted by semi-skilled 
personnel. The Menard pressuremeter and most of the 
penetrometers require special training. The fie ld  
vane test 1s relatively simple and comes with an 
automatic recorder, this avoids mistakes in reading 
the gauges and in recording.
Based on the above considerations, the fie ld  vane test and the 
Standard Penetration Tests showed high potentials for soil exploration 




FIG. 6A. TEST SITES
CHAPTER V
SITE SELECTION
Sites for the study were selected in cooperation with the Louisiana 
Department of Highways* An attempt was made to include as many geo­
logical formations as possible.
Following type of formations were selected for this study. (F1g: 
Site -  1)
A. Recent Mississippi River -  Deltaic Deposits
(1) Morgan City
(2) Houma
(3) LaPlace: contained organic deposits
B. Recent Mississippi River Alluvium Deposits
(1) Erwinville
(2) Monroe
(3) Bossier City (Red River)
C. PIeistocene Deposits
(1) Lake Charles
D. Eocene Claiborne Deposite
(1) Benton
(2) Fillmore
Unconfined strength of soils at Monroe and Benton were between 
1.0 and 2.0 ts f (McManis, 1975) this strength was beyond the capacity 
of the equipment used. Few fie ld  vane tests conducted at these sites 
did not produce fa ilure. Soil sample from Bossier City and Fillmore 
consisted mostly of s i l t  and sand size particles, which made 1t  im­
possible to prepare these samples for testing. No undisturbed
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laboratory tests could therefore be conducted on the samples obtained 
from these sites.
For the above mentioned reasons, discussion on results from Benton, 
Bossier City, Fillmore and Monroe sites have not been Included 1n this 
report.
Results from LaPlace, Houma, Morgan City, Erw1nv1lle and Lake 
Charles are discussed 1n separate chapters.
CHAPTER VI 
MORGAN CITY
Morgan City site is located about 6 miles east of Morgan City, 
and contains Recent Mississippi deltaic deposits similar to those at 
the Houma site.
Samples for laboratory tests were obtained by a 3-1nch diameter 
Shelby tube and 5-1nch diameter thin wall tube sampler. About 250 
samples were obtained. About 250 undisturbed and vane remolded 
tests were conducted using the small, medium and modified vanes.
Pocket penetrometer tests were conducted in the fie ld  on all ex­
truded cores.
Classification
About 100 Atterberg limits and more than 25 hydrometer analysis 
tests were conducted on samples from Morgan City. Comparison of the 
Atterberg limits values of soil samples from different boreholes, 
but at the same depth, show that the liquid lim it varied from 2% to 5% 
while the plastic lim it varied between 1% to 4%. These variations 
were mainly due to Inherent variations in the Atterberg lim it tests. 
Percent clay and percent s i l t  also showed similar variations. Simi­
la r ity  of index properties of different boreholes indicate the presence 
of uniform soil throughout the area selected for this study.
Typical liquid limits varied between 34% to 56%, (Table 2) 
and changes in the Atterberg limits followed similar changes in the 
percent of clay (Fig. 7). Typical plastic lim it and percent clay 
values varied from 20% to 24% and 20% to 55%, respectively (Table 2) 
with no significant amount of sand size particles present at any depth.
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TA B LE 2 
TYPICAL SOIL INDEX PROPERTIES 
(MORGAN CITY)






ATTERBERG LIMITS HYDROMETER ANALYSIS
LL n CIAY (%) SILT (%)
0 - 3 29 56 32 48 51
3 -6 28 52 30 47 53
6 -9 31 43 23 42 57
9-12 32 44 24 35 58
12-15 30 54 32 55 44
15-18 32 44 23 33 65
18-21 34 38 17 24 76
21-24 36 34 11 22 78
24-27 37 34 10 20 80
27-30 36 51 29 48 51
30-33 35 39 22 33 67
33-36 36 49 27 41 58
36-39 35 38 16 48. 52
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UNCONFINED COMPRESSION STRENGTH (tsf)
Figure 8








At this site an average at each depth, six soil samples were tested 
for unconfined compressive strength determinations. Results show varia­
tions of 14 percent to 40 percent (F1g. 8 ). These variations are assumed 
to reflect natural soil variations as well as experimental errors.
Typical undisturbed unconfined compression strengths varied from 
3.3 PSI (0.24 ts f ) to 7.2 PSI (0.52 ts f) .
Undrained Triaxial Strength 1
Differences between undisturbed undrained triax ia l strengths, ob­
tained by tests conducted on samples from each depth, were between 
6 percent to 25 percent. These small differences show that natural 
lateral variation in the soil strength properties at this s ite , were 
not excessive.
Typical undisturbed undrained triax ia l strengths (CUU) were be­
tween 3.05 PSI (0.22 ts f) and 7.78 PSI (0.56 ts f) (Table 3).
Laboratory Vane Strength
Scatter of undisturbed laboratory vane strength varied with depth, 
at some depths differences between the maximum and minimum laboratory 
strengths are as high as 100 percent. At most depths, however, two or 
more laboratory vane tests results produced nearly the same strength 
(within 0.036 ts f of each other). Soil at Morgan City contained 
numerous pockets of organic material and s i l t  lenses. Larger scatter 
of laboratory vane strength results 1s mainly due to the presence of 
pockets of weaker or stronger material and small vane size.
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TABLE 3 
TYPICAL UNCONFINED AND UNDRAINED 













0 - 3 0.455 0.558 8.55
3 -6 0.520
6 - 9 0.336 0.338 2.49
9-12 0.352 0.234 3.52
12-15 0.381 0.482 4.59
15-18 0.269 0.266 2.34
18-21 0.241 0.347 3.04
21-24 0.252 3.05 -
24-27 0.370 0.220
27-30 0.261 0.264 2.02
30-33 0.264 0.259 2.54
33-36 0.283 0.356 —
36-39 0.266 0.245 1.76
39-42 0.325 0.386
TABLE ±






















0 . 8 8 0.4 0.61 0.571 0.155 0.33 0 . 1 2 0
3 -6 0.75 0.33 0.58 0.602 0.258 0.441 0 . 1 1 2
6 - 9 1.25 0.13 0.73 0.370 0.044 0.255 0.056
9-12 0.90 0.13 0.411 0.425 0 . 1 2 1 0.308 0.119
12-15 0.90 0.25 0.56 0.636 0.142 0.487 0.194
15-18 0.55 0 . 2 0 0.33: 0.423 0 . 1 0 0 0.310 0.118
18-21 0,78 0 . 2 0 0.33< 0.340 0 . 1 0 1 0.296 0.114
21-24
24-27 0.70 0.25 0.442: 0.183 0.033 0.161 0.038
27-30 0.55 0 . 2 1 0.356 0.320 0.131 0.267 0.095
30-33 0.73 0.13 0.408 0.335 0.082 0.177 0.061
33-36 0.60 0 . 1 0 0.370 0.592 0.134 0.387 0.147
36-39 0.63 0 . 2 0 0.255 0.275 0.035 0.238 0.075
39-42 0.95 0.25 0.601 0.388 0.149 0.251 0.09
(N /m 2) X I0 ‘ 4
0 0.2 04 0.6 Ql Q2 Q3 0.4 05 0.6 Q7 02 0.4 06 0.8
UNCONFINED COMPRESSION (U) AND LABORATORY VANE POCKET PENETROMETER
UNDRAINED TRIAXIAL (UU) TESTS Sul(t8 f) CPL= (tsf)
DEPTH VS TYPICAL LABORATORY STRENGTH (M o r g a n  c ity )
| FIGURE 9i
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Typical undisturbed laboratory vane strengths varied between 4.45 
ps4 (0 .32  ts f) to 8.88 psi (0.64 tsf)(Table 4).
Compari son of Vari ous Strength T6Sts
Results indicate that the fie ld  vane strengths are higher than the 
laboratory vane, undrained triax ia l and unconfined compression strengths 
(Table 3, 4 and 5).
All strength tests at this site show similar trends of change of 
strength with depth (Fig. 9, 13). This shows that a ll tests were con­
ducted in soils with similar strength properties. The presence of s i l t  
strata between the depths of 18 and 30 f t .  appeared to affect strength 
obtained by the fie ld  vane and the conventional strength tests equally.
Effect of Testing Procedure
A comparison of the undisturbed laboratory vane and the undrained 
triax ia l strengths shows that 1n most cases the laboratory vane test 
gave higher strength values (Fig. 10). As discussed earlier, the 
higher laboratory vane strengths were mainly due to the effects of 
testing procedure. Regression analysis conducted to determine this 
effect indicated a substantial (50%) within sample error (Table 8).
This error was expected because of the presence of pockets of weaker 
or stronger materials. The coefficient of correlation between the lab­
oratory vane and the undrained triax ia l strength was 0.78, while the 
coefficient of variation was 24%. The average laboratory vane strength 
for this site was 5.83 PSI (0.42 ts f) .  S tatistically , the average 
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UNCONFINED COMPRESSION VS LAB VANE
-------------------  (MORGAN CITY)! -------
—  FIGURE 10-----
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Field Vane Strength.
At Morgan City, fie ld  vane tests were conducted by using the 
small, medium and modified vanes. Results of the tests conducted 
with the small vane show that generally differences between the 
maximum and the minimum undisturbed fie ld  vane strengths from the same 
depth are less than 21 percent. At a ll depths, at least three out of 
five tests were within 7 percent of each other (Fig. 11). Similar 
results were obtained by the fie ld  vane tests conducted by using the 
medium and the modified vane.
Vane remolded strengths, determined by using various vanes, also 
showed similar variations. Natural soil variations and experimental 
errors are assumed to be the major reasons for these variations. Differ 
ences between the vane strength at the same depth are not very large, 
indicating that the horizontal variation in shear strength is within 
reasonable lim its.
Statistical analysis conducted on fie ld  vane strengths, obtained 
by using the medium, the small and the modified vanes, did not show 
any significant difference between these strengths. Differences 
between the undisturbed strengths obtained by various vanes vary from 
9 percent to 25 percent (Fig. 12). These differences were of the same 
order as that between different tests conducted by the same vane. The 
size and shape of the vane, therefore, did not have any significant 
effect on the measured fie ld  vane strength.
Typical undisturbed fie ld  vane strength varied from 9.58 PSI 
(0.69 ts f) to 11.38 PSI CO.82 ts f) . Most of the lower strength values 
occurred in the region where the s i l t  size particles in the soil were
TABLES 
TYPICAL FIELD VANE STRENGTHS 
(MORGAN CITY) M
SMALL VANE MEDIUM VANE MODIFIED, VANE>
D E P T H
f t .
UNDIS­ VANE REM.
UNDIS­ VANE REM. UNDIS­
TURBED TURBED TURBED
0 -3 0.89 0.54 0.80 0.50 0.81
3 -6 0.94 0.38 0.81 0.34 1.16
6 - 9 0.93 0.36 0.71 0.32 0.99
9-12 0.89 0.44 0.73 0.32 0.98
12-15 0.85 0.36 0.76 0.27 0.67
15-18 0.83 0 . 2 2 0.69 0 . 1 0 0.60
18-21 0.81 0.23 0 . 6 8 0.26 0.52
21-24 0.81 0.36 0 . 6 8 0.25 9.61
24-27 0.75 0 . 2 2 0.77 0.34 0.57
27-30 0.74 0.34 0.70 0.26 0.59
30-33 0.712 0.45 0.77 0.30 0.72
33-36 0.87 0.37 0.84 0.32 0.79
36-39 0.76 0.54 0.75 0.37 0.97
39-42 0.78 0.42 0.81 0.26 0.83
TA B LE 6  
TYPICAL FIELD STRENGTH TEST RESULTS 
(MORGAN CITY)













0 - 3 0.745 8 0.50 0.858 0.539
3 -6 0.54 9 0.576 0.872 0.359
6 - 9 0.45 5 0.313 0.857 0.339
9-12 0.46 1 0.068 0.828 0.382
12-15 0.59 3 0.188 0.705 0.318
15-18 0.39 1 0.068 0.762 0.154
18-21 0.38 3 O. 0 8 8 0.698 0.243
21-24 0 . 2 1 1 0.068 0.704 0.307
24-27 0.34 7 0.438 0.726 0.281
27-30 0.39 2 0.125 0.691 0.298
30-33 0.45 4 0.250 0.726 0.376
33-36 0.41 3 0.188 0.815 0.344
36-39 0.37 4 0.250 0.774 0.455
39-42 0.39 > 2 0.125 0.769
0.338
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predominant. The vane remolded strength varied between 2.08 PSI 
(0.15 ts f) and 7.5 PSI (0.54 ts f) (Table 6). Both the undisturbed 
and the vane remolded strengths showed similar changes In strengths 
with increasing depth (F1g. 13), this pattern being very similar 
to that shown by the undrained triax ia l test (Fig. 9).
Anisotropy
At Morgan City, the anisotropy ratio (Ra) varied from 1.08 to 
2.87 between 0 and 12 f t . ,  from 0.31 to 0.84 for soil between 12 and 
30 f t . ,  and from 1.22 to 1.64 for the rest of the soil (Table 7).
Soil between 12 and 30 f t .  had anisotropy ratios less than one (Fig. 14). 
This soil had a higher percentage of s i l t  size particles than the 
rest of the soil. This indicates that horizontal and vertical shear 
strengths are dependent upon the type of soil in addition to the stress 
history. The vertical shear strength Sv varied from 9.44 PSI 
(0.68 ts f) to 11.80 PSI (0.85 ts f ) ,  while the horizontal shear 
strength (Sh) showed much larger variation (0.42 ts f to 2.00 ts f)
(Table 7).
For most of the depths, the vertical (Sy) and the observed fie ld  
vane strengths (Sû ) did not d iffe r from each other by more than 1 PSI 
(Fig. 14). At certain depths, the computed horizontal strength was 
about one-third of the observed fie ld  vane strength. In certain de­
sign conditions, most of the mobilized shear strength 1s along a hori­
zontal plane; in such cases, therefore, determination of the horizontal 
strength becomes very important.
TABLE 7
TYPICAL H O R IZ O N T A L  (Sh) A N D  VERTICAL (Sv)
_  SHEAR s t r e n g t h s
(M O R G A N  CITY)
DEPTH
ft. Sv M ) Sh (tsf)
ANISOTROPY RATIO 
Ra=St,/Sv
0 -3 0.802 0.945 1.18
3 -6 0.65 2.12 3.25
6 -9 0.68 1.53 2.25
9-12 0.75 1.19 1.58
12-15 0.863 0.72 0.83
15-18 0.77 0.43 0.56
18-21 0.715 0.20 0.28
21-24 0.742 0.58 0.78
24-27 0.682 0.43 0.62
27-30 0.793 0.42 0.53
30-33 0.740 0.81 1.09
33-36 0.760 1.04 1.37
36-39 0.694 1.42 2.05
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Differences between the fie ld  and the laboratory vane strengths
(F1g. 15) are assumed to be the results of sampling disturbances and 
difference In the sizes of the laboratory and the fie ld  vanes. The la t­
ter effect 1s more Important in soils with pockets of weaker and strong­
er materials and such pockets were present In the soil at Morgan City.
The average laboratory and fie ld  vane strengths at this site were 
0.42 ts f and 0.77 ts f, respectively. The upper lim it of the effect of 
sampling disturbance was found to be 45% (Equation 14).
Correlation
A correlation between the fie ld  vane and the unconfined compres­
sive strengths was developed with data from a ll depths. This resulted 
in a substantial (34%) within sample error (Table 8). Observations In­
dicated possible near-surface disturbances. As a result the total 
depth tested were divided into two imaginary groups; soil deposit 0 f t . -  
15 f t .  (near surface) and 15 f t . -42 f t .  (deep). Separate correlations 
were then developed for ;he above groups. Comparison of within sample 
errors for the above three correlations show that the within sample 
error 1s reduced (Table 8) when the total depth 1s divided Into two 
groups, based on their loading history, e tc .. This Indicates that the 
near surface soils were disturbed at least to some extent.
A comparison of equations 2 and 3 (Table 9) shows that both of 
these equations have low coefficient of variation and excellent coef­
fic ien t of correlations. They also f i t  the data points equally (Fig. 
16). I t  therefore appears that considering the total depth in place of 
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TABLE 8
Results of Regression Analysis (Morgan City)
























Cu**  = 0.384 SuL* +0.153 0.72 22 0.0001 50 15
Field vane (S and 0-15 f t Cu**  = 0.557 SuF*  - 0.017 0.93 13 0.0001 13 16
unconfined compres­
sion test (Cu) 15-42 f t Cu**  = 0.406 SuF*  -  0.010 0.95 9 0.0001 10 17
All
depths
Cu**  = 0.509 SuF* - 0.066 0.805 19 0.0001 35 18
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0 - 3 0.858 0.455 0.461 0.370 0.338
3 -6 0.872 0.520 0.468 0.378 0.344
6 -9 0.857 0.335 0.460 0.370 0.338
9-12 0.828 0.352 0.444 0.355 0.326
12-15 0.705 0.382 0.375 0.293 0.276
15-18 0.762 0.269 0.407 0.322 0.299
cui00
0.698 0.241 0.372 0.289 0.273
21-24 0.704 0.252 0.375 0.292 0.276
24-27 0.726 0.370 0.387 0.304 0.285
27-30 0.691 0.261 0.368 0.285 0.290
30-33 0.726 0.264 0.415 0.304 0.285
33-36 0.815 0.283 0.437 0.348 0.321
36-39 0.774 0.267 0.414 0.328 0.304
39-42 0.769 0.325 0.413 0.325 0.302



























FIELD  VANE S„tsf
PLOT OF REGRESSION EQUATIONS




Q  c = 0 .5 5 7  SU“ 0.017 ( 0 - 1 5  ft. depth) 
0  c = 0 .5 0 9  Su - 0 .0 6 6  (All depths)
0  c = 0 .4 0 6  Su - 0.010 (15- 4 2 f t )
DATA FROM: 
A 0 - 8  ft Depth 
O 8 -15 ft 
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 OBSERVED STRENGTHS -----—
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FIGURE 17
112
A plot of observed and predicted unconfined strengths (predicted 
by equations cu = 0.406 Suf - 0,01) show no bias in favor of either 
low or high values. Amount of intercept 1s not significant for 
average value of fie ld  vane strength at Morgan City, deletion of 
intercept w ill result in changing the strength by less than 0.5#
The predicted unconfined compression values, computed by sub­
stituting observed fie ld  vane values in equations 1 to 3 and the 
typical observed unconfined compression values are tabulated in 
Table 9. These values along with the maximum and the minimum observed 
unconfined compression values are plotted in Fig. 18. The differences 
between the observed and the predicted unconfined values were much 
smaller than that between the maximum,the minimum and the average 
observed unconfined values. This indicates that the error Involved in 
accepting a predicted unconfined value, as a representative value, does 
not introduce a larger error than that introduced in specimens obtained 
from one borehole and treating i t  as representing the strength of 
the deposit under consideration.
Scatter of Various Strength Tests Results
The scatter of the fie ld  vane and the unconfined compression 
tests was compared by comparing the coefficient of variation (CV) of 
these tests. The CV was computed for each soil layer tested. The 
values are tabulated in Table 10. For the fie ld  vane test the CV 
values varied from a low of 9% to a high of 25# with an average of 
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V A R IA T IO N S  O F FIELD V A N E  A N D  
U N C O N F IN E D  STRENGTHS
(M O R G A N  CITY)
DEPTH
ft.
FIELD VANE tsf UNCONFINED
COEF. OF 
VARIATION 
-  ( CV) -
MAXIMUMMINIMUM AVERAGE MAXIMUM MINIMUM AVERAGE
Fi'eld (fafcC.
FV CV UC CV
0 - 3 0.98 0.72 0.83 0.540 0.30 0.447 11.75 20.74
3 -6 0.98 0.775 0.861 0.640 0.392 0.515 7.94 16.29
6 - 9 1.12 0.65 0.852 0.430 0.238 0.335 21.18 22.95
9-12 0.96 0.60 0.850 0.455 0.284 0.409 13.47 16.06
12-15
15-18 0.90 0.67 0.752 0.306 0.230 0.267 10.6 10.1
18-21 0.75 0.46 0.659 0.306 0.173 0.251 15.69 19.17
21-24 0.89 0.51 0.760 0.399 0.212 0.319 22.36 24.24
24-27 1.16 0.80 0.89 0.472 3.310 0.391 25.45 29.29
27-30 0.905 0.60 0.728 0.405 3.199 0.299 L5.14 22.66
30-33 0.89 0.63 0.816 0.360 3.204 0.291 3.75 16.24
33-36 0.86 0.64 0.764 0.324 3.216 0.263 3.12 13.87
36-39 0.81 0.58 0.696 0.356 3.094 0.181 19.38 12.21
39-42 1.17 0.66 0.832 0.430 3.260 0.344 L9.49 6.39
The CV value tabulated 1n Table 10 shows that the fie ld  yane test 
had larger coefficients of variation compared to that for the unconfined 
compression test only for soil between 36 and 42 f t . ;  This shows that at 
this site the fie ld  vane test has significantly scatter than the uncon­
fined compression test. Some variations In the strength can be expected 
because of the natural variations of the soil. For neither of the tests, 
however, were these variations found to be excessive.
Sensitivity
For the laboratory vane, the ratio of the undisturbed to the in it ia l  
vane remolded strengths varied between 3.3 and 7.1, while the ratio of 
the undisturbed to the completely remolded strengths varied from 1.02 to 
5.5. No significant difference was found in the ratios of the undistur­
bed and the vane remolded fie ld  strengths, as determined by the medium 
and the small vanes -  this ration varied from 1.86 to 3.06. Sensitivity 
as determined by the undrained triax la l test varied from 0.93 to 2.07, 
with one value of 2.82 (Table I I ) .  A comparison of the ratios of undis­
turbed to remolded strengths, for various tests, showed similar changes 
with depth (Fig. 20). Differences between the undisturbed and in it ia l  
vane remolded strengths, as determined by the laboratory and the fie ld  
vanes, were due mainly to very large size differences between these vanes.
The completely remolded strength (R2L) was 2 to 3 times higher than 
the vane remolded strengths (Fig. 19). This shows that both of these 
strengths measure different soil properties. Statistical analysis 
indicated no significant difference between the in it ia l (Rj|_) and the 
second (R3L) vane remolded strengths (Fig. 19), which indicates that 
both remolded tests measured similar soil properties.
TABLE 11 
TYPICAL RATIOS OF UNDISTURBED  
TO  REMOLDED STRENGTHS ~
(M O R G A N  CITY)
DEPTH
ft.
LABORATORY VANE FIELD VANE UNDRAINED
TRIAXIAL
S, = Cui/R2SM = S0,/R„ SI—2 = Sw/Rzi
0 - 3 4.0 1.18 2.25 0.91
3 -6 3.0 1.22 2.51 -
6 - 9 7.1 1.51 2.30 2.13
9-12 3.8 1.20 2.53 0.93
12-15 4.3 1.22 3.08 1.06
15-18 4.4 1.55 3.27 1.73
18-21 5.5 1.02 2.65 1.65
21-24 - - 2.46 -
24-27 4.9 1.2 2.84 -
27-30 3.06 1.61 2.75 2.07
30-33 4.20 1.31 2.95 1.66
33-36 3.75 1.21 2.30 -
36-39 4.30 1.18 2.25 2.82
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DEPTH VS RATIO OF UNDISTURBED TO REMOLDED STRENGTHS










Pocket penetrometer strength measured in the fie ld  varied from 2.7 
PSI (0.2 ts f) to 10.4 PSI (0.75 tsf)(Table 6). Strengths measured on 
various cores obtained from the same depth generally differed within a 
range of 0.31 ts f to 0.36 ts f. The depth versus strength pattern for this 
test was very similar to that for the SPT and the fie ld  vane tests (F1g.
13).
Typical pocket penetrometer strength measured in the laboratory 
varied between 3.6 PSI (0.26 ts f) and 10.1 PSI (0.73 tsf)(Table 4). The 
ratio  of the maximum to minimum pocket penetrometer strengths measured 
on the same core, varied between 30 percent and 100 percent. A single 
pocket penetrometer test result could not be relied upon as a represen­
tative strength of the whole core (Fig. 22).
Comparison of pocket penetrometer strengths of the same core 
measured 1n the laboratory and in the fie ld  show that the strengths are 
almost equally distributed along the line of equal values (Fig. 21).
The pocket penetrometer tests were not able to delineate the effects of 
loss of strength due to storage and handling (Arman & McManis, 1975).
Standard Penetration Test
Number of blows per f t .  (N /ft .)  varied between 1 and 5 with values 
of 8, 9 and 7 for soils at 0-3 f t . ,  3-6 f t . ,  and 24-27 f t . ,  respectively 
(Table 4 ).
A comparison of the computed shear strengths* from the SPT and 
measured by the pocket penetrometer (fie ld ) shows that for most of the
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depths, the pocket penetrometer strengths were about 1.5 times higher 
than the SPT strengths. Regression analysis indicated no significant 
correlations between these tests.
In most of the cases both the undisturbed, unconfined and un­
drained triax ia l strengths were higher than the computed* standard 
penetration strengths. Lack of correlation between these tests was 
mainly due to inab ility  of the standard penetration tests to 
measure small changes in the strength of the soils.
Field Vane and Standard Penetration Tests
Figure 23 is a plot of the SPT* versus fie ld  vane strength 
values. Statistical analysis indicated significantly higher strength 
for the undisturbed fie ld  vane test. Regression analysis indicated no 
significant correlation between these tests.
A comparison of the SPT and vane remolded strength showed no 
highly significant difference between these strengths. This indicates 
that the standard penetration test results in considerable amount of 
remolding.
At Morgan City the shear strength computed from the standard 
penetration tests were lower than the undisturbed strengths measured 
by other tests. The strengths computed from the SPT were almost equal 
to the fie ld  vane remolded strengths. This indicates that the standard 
penetration test resulted in substantial remolding and i t  did not 
measure the in-situ soil strength at this site.





‘ After Terzaghi and Peek
STRENGTH









CHAPTER V II 
HOUMA
Houma test site is located in southeast Louisiana and contains Re­
cent Mississippi deltaic deposits.
Samples for laboratory tests were obtained with 3-inch Jiameter 
Shelby tube and 5-inch diameter tube samplers. Over 53 cores were ob­
tained from this site. Soil at Houma did not contain significant num­
bers of s i lt  lenses. About 56 fie ld  vane and 14 standard penetration 
tests were conducted at this site. Pocket penetrometer tests were con­
ducted on each core extruded in the fie ld .
Classification
A total of 70 Atterberg limits and 20 hydrometer analysis tests 
were conducted on samples obtained from three boreholes. Comparison of 
the values of soil index properties obtained from cores at the same 
depth showed variations in these properties of less than 5%. These 
variations are due to natural soil variations and experimental error.
For most of the soils, typical liquid lim it and plasticity index 
values were 37%-65% and 77%-38%, respectively. Percentage of clay for 
this site varied from 33% to 61% (Table 12).
Soils between 15-18 f t .  and 30-33 f t .  are classified as lean clay
(CL) while the rest of the soil is classified as heavy clay (CH)
(Fig. 24).
Laboratory Strength Tests 
Unconfined Compression Strength
Undisturbed unconfined compression strength determined by the
124
TABLE 12 








ATTERBERG LIMITS HYDROMETER ANALYSIS
LL PI CLAY (%) SILT (%)
0 -3 — — . . — —
3 -6 95 68 80 20
6 -9 — 80 52 80 20
9-12 50 32 38 62
12-15 32 56 32 54 46
15-18 31 41 20 35 62
18-21 35 57 36 56 44
21-24 34 56 33 50 30
24-27 34 50 28 42 57
27-30 36 60 37 53 46
30-33 51 37 17 33 66
33-36 55 65 38 61 39
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tests conducted on samples obtained from different boreholes at the same 
depth varied from 0.5 PSI to 2 PSI (Fig. 14). Typical undisturbed un­
confined shear strength (Cu) ranged from 2.64 PSI (0.19 ts f) to 5.27 PSI 
(o.38 ts f ) (Table 25). A plot of the unconfined compressive strength 
(C ) versus depth showed a general trend of decrease in strengths with in­
creasing depth (Fig. 26).
Undrained Triaxial Strength
Undrained triaxial tests were conducted on some of the samples ob­
tained from one borehole. The undrained triaxial strength varied from 
1.66 PSI (0.12 ts f) to 5.27 PSI (0.38 ts f) (Table 14). In most of the 
cases, the undrained triax ia l strengths were lower than the unconfined 
compression strengths (Fig. 25). This difference is due to the loss of 
strength caused by long storage (McManis, 1975). Undrained t r i ­
axial strength tests were conducted after more than six months of storage.
Laboratory Vane Strength
Laboratory vane tests were conducted on samples obtained from two 
boreholes for soil strata between 12 f t .  and 36 f t .  Undisturbed labora­
tory vane strength from the same depth varied between 0 and 2 PSI. Typi­
cal undisturbed laboratory vane strength (SuL) varied between 1.94 PSI 
(0.14 ts f) and 5.25 PSI (0.37 ts f) (Table 13 and Fig. 26).
Effect of Testing Procedure
Undisturbed laboratory vane strengths were generally higher than 
the undisturbed unconfined compression strengths (Fig. 27). Results of 
tests indicated a trend of decreasing strength with increasing depth
TA B LE 13 
TYPICAL POCKET PENETROMETER (LAB) AND 






















0 -3 - - - - - -
3 -6 0.15 0.10 0.13 0.187 0.03 0.15 0.037
6 - 9 - - -
9-12 - - - -
12-15 0.50 0.20 0.35 0.137 0.125 _
15-18 0.60 0.35 0.49 0.325 0.06 0.280 0.105
18-21 0.43 0.25 0.36 0.372 0.154 0.362 0.173
21-24 0.73 0.25 0.42 0.183 0.120 0.437• 0.182
24-27 0.45 0.25 0.30 0.250 0.06 0.218 0.042
27-30 0.35 0.20 0.26 0.112 0.212 0.078
30-33 0.23 0.15 0.20 0.200 0.125 0.180 0.075
33-36 0.65 0.2 0.35 0.170 0.03 0.06 0.06
36-39 - - - -
39-42 0.20 0.13 0.13 0.175 0.065 0.100 0.045
TA B LE 14 
TYPICAL UNCONFINED COMPRESSION AND 
UNDRAINED TRIAXIAL TEST RESULTS
(HOUMA)
D E P T H
UNCONFINED COMPRESSION UNDRAINED TRIAXIAL
f t . c„(tsf) <Utsf)
0 -3
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UNCONFINED COMPRESSION VS LAB VANE
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FIGURE 27
(Fig. 26), a further assurance that both the laboratory vane and uncon­
fined compression tests were conducted on soil with similar strength 
properties.
Regression analysis indicated a highly significant (P < 0.006) 
positive correlation between the undisturbed, laboratory vane and un­
confined compression strengths. The following equation was obtained from 
this analysis, (Fig. 27).
Cu = 0.473 SuL + 0.107
The above analysis indicated a coefficient of correlation (r) 
of 0.74 and a coefficient of variation of 19%.
The laboratory vane strength for this site averaged 3.28 PSI (0.24 
ts f) . S tatis tically , effect of testing procedure on the laboratory vane 
strength is estimated to be 11% (Equation 12).
Field Vane Strength
Comparison of undisturbed fie ld  vane strength for a particular depth 
obtained by using the small and the medium vanes shows that below 15 f t .  
these strengths differed by less than one PSI. Above this depth, how­
ever, these differences were between 3 PSI and 5 PSI. Similar vane re­
molded strengths showed s t i l l  smaller variations (Fig. 28). Larger vari­
ations at the shallower depth were mainly due to presence of woods, con- . 
cretions and organic pockets in soils at these depths.
Figure 28 shows that the difference between the fie ld  vane results 
obtained by the medium and the small vanes varied from 0 to 50%. The 
larger differences were for soil at shallower depths. Statistical analy­
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TYPICAL M E D IU M  A N D  SMALL VA N E  
STRENGTH RESULTS
(H O U M A ) (tsf)
D E P T H
f t .
MEDIUM VANE SMALL VANE
UNDIS­ VANE UNDIS­ VANE
TURBED REMOLDED TURBED REMOLDED
0 - 3 0.411 0.108 0.396 0.07
3 -6 0.360 0.07 0.700 0.08
6 - 9 0.460 0.05 0.7-0 0.10
9-12 0.680 0.12 0.320 0.12
12-15 0.620 0.23 0.300 0.09
15-18 0.610 0.15 0.620 0.22
18-21 0.780 0.28 0.920 0.31
21-24 0.570 0.16 0.520 0.16
24-27 0.490 0.18 0.480 0.17
27-30 0.610 0.23 0.540 0.20
30-33 0.550 0.20 0.570 0.18
33-36 0.590 0.14 0.590 0.19
36-39 0.610 0.20 0.650 0.28
39-42 0.780 0.30 0.880 0.36 |
TABLE 16 















0 -3 0.2 2 0.125 0.404 0.057
3 -6 0.27 2 • 0.125 0.530 0.075
6 - 9 0.25 1 0.063 0.580 0.075
9-12 0.045 3 0.187 0.500 0.12
12-15 0.38 3 0.187 0.460 0.16
15-18 0.40 5 0.313 0.605 0.19
18-21 0.40 3 0.187 0.850 0.30
21-24 0.45 2 0.125 0.545 0.16
24-27 0.37 2 0.125 0.485 0.175
27-30 0.43 3 0.187 0.575 0.220
30-33 0.30 2 0.125 0.560 0.190
33-36 0.37 3 0.187 0.590 0.170
36-39 0.43 4 0.250 0.630 0.240
39-42 0.35 *■ 0.830 0.330
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vane size has no effect on the measured fie ld  vane strength.
Typical undisturbed and vane remolded strengths varied from 5.57
PSI (0.4 ts f) to 11.8 PSI (0.85 ts f) and 0.84 PSI (0.06 ts f) to 4.2 PSI
(0.3 ts f ) , respectively. The only exceptions were results obtained at
18 f t .  and 21 f t .  (Table 15) where the undisturbed strength was 11.8 PSI
(0.85 ts f) . Both the undisturbed and vane remolded results indicated a
general trend of increasing strength with increasing depth (Fig. 29 &
Table 16).
Anisotropy
Anisotropy ratio (Rfl) varied between 0.85 and 1.69 up to 27 f t .  below 
the ground level. Below 27 f t . ,  however, the anisotropy ratios were be­
tween 2.26 and 2.60 (Table 17).
The vertical shear strengths varied between 45 PSI (0.33 ts f) and 11.2 
PSI (0.77 ts f ) ,  while the horizontal shear strengths varied from 7.65 PSI 
(9.55 ts f) and 17.3 PSI (1.24 ts f) (Table 17). Differences between the 
vertical (S^) strengths and typical observed fie ld  vane strengths were 
less than 0.3 PSI throughout the total depth with the only exception 
being at depths of 12-21 f t .  where the difference was 1.6 PSI (Fig. 30). 
These results indicate that the observed fie ld  vane is affected to a much 
greater degree by the vertical strength than by the horizontal strength. 
Values of anisotropy ratios of greater than unity show that at this site 
the horizontal strengths were greater than the vertical strengths and the 
observed strengths are, therefore, a measure of the weaker strength. This 
is because the measured strength is more a measure of strength along the 
vertical plane which has a smaller strength value compared to that along 
the horizontal plane.
TA B LE 17 
TYPICAL VERTICAL (SJ & HORIZONTAL (Sh) 
SHEAR STRENGTH VALUES
(HOUMA)
DEPTH ANISOTROPY RATIO VERTICAL SHEAR HORIZONTAL SHEAR
ft. R=Sh/5v Sv (tsf) Sh (tsf)
0 - 3 1.69 0.67 1.13
3 -6 1.34 0.608 0.822
6 -9 0.85 0.582 0.495
9-12 1.68 0.701 1.17
12-15 1.29 0.765 0.98
15-18 0.9 0.77 0.692
18-21 1.2 0.775 0.93
21-24 1.63 0.334 0.545
24-27 1.24 0.440 0.545
27-30 2.26 0.340 0.765
30-33 2.60 0.477 0.124
33-36 1.35 0.755 1.02
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Compari son of VaftOUS Strength Tests
Field vane test results were higher than both the laboratory vane 
and the conventional laboratory strength tests (Tables 13, 14 and 16).
All the strength tests conducted at this site show similar strength 
changes with change in depth (Fig. 31 and 32). This indicates that all 
tests were conducted in soil strata with similar strength properties.
Effect of Sample Disturbance
Average fie ld  and laboratory vane strengths for this site are 
3.32 PSI (0.24 ts f) and 8.05 PSI (0.58 ts f) . From the above results, the 
upper lim it of effect of sample disturbance is estimated to be 58% 
(Equation 14).
Correlation
The regression analysis was conducted by dividing the data into three 
groups: shallow depth (0-15 f t . ) ,  deep soil (15-42 f t . )  and all depths 
(0-42 f t . ) .  This was done because the soil at this site contained foreign 
materials affecting the measured strength of so il. The aim of the groupr 
ing was to isolate the effects of presence of foreign material on measur­
ed correlation between the fie ld  vane and the unconfined strengths.
A comparison of regression equations (Table 18), shows that division 
of total depths into two groups, 0-15 f t .  and 15-42 f t .  improves the 
correlation. This was indicated by increased value of coefficient of cor­
relation for Equations 20 and 21 (0.80) compared to Equation 19 (0.69). 
Equations 20 and 21 also showed a decrease in within sample error, from 
53% to 40%. All of the equations showed a similar coefficient of vari­
ation and a ll of them indicated significantly positive correlation
TABLE 18



























C** = 0,318 SuF̂  + 0.084 0,69 31 0.0005 S3 t|9
Field Vane (S F) 
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compression (C)
vs 15-42 f t C** = 0.387 Suf>  +0.029 0,80 32 0.001 39 20
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15—42 FT. DEPTH TOTAL DEPTH 
c,-0.317Stf0.08c*=0.387Suf0.03
0 - 3 -
3 - 6 0.530 0.221 0.234 0.248
6 - 9 — -
9 -12 0.500 0.368 0.223 0.234
12-15 0.460 0.329 0.201 0.226
15-18 0.615 0.332 0.268 0.275
18-21 0.850 0.289 0.356 0.349
21-24 0.545 0.282 0.241 0.253
2 4 -2 7 0.485 0.221 0.217 0.233
2 7 -3 0 0.575 0.284 0.252 0.262
3 0 -3 3 0.560 0.218 0.246 0.258
3 3 -3 6 0.590 0.192 0.257 0.267
3 6 -3 9 0.630 0.214 0.273 0.279
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between the fie ld  vane and the unconfined compression tests (Table 18).
These equations are plotted in Fig. 31 and both Equations T9 and 
20 showed satisfactory f i t  to the data points. A plot of observed and pre­
dicted values did not show any bias for high or low values by and of the 
above equations. As most of the data were from below 15 f t . ,  only 
Equations 20 and 20 w ill be discussed.
Statistical analysis indicated no significant difference between 
the observed and predicted unconfined shear strengths (Table 19). Maxi­
mum difference between these strengths was 2 PSI. Differences between 
the maximum and the minimum observed unconfined shear strength were 
higher than that between the predicted and the typical observed uncon­
fined shear strength (Fig. 31). Thus, predicting an unconfined strength 
from observed fie ld  vane strength does not introduce any significant 
error.
Variations Within Different Tests
Table 20 shows the values of coefficient of variations for the un­
confined compression and the fie ld  vane tests. From 0 f t .  - 15 f t . ,  
the field  vane test showed higher coefficient of variation (CV), below 
this depth the reverse was found to be true. For the field  vane test 
the CV varied from 2% to 72%, with an average value of 28%. The uncon­
fined compression test had CV varying between 2% and 52% with an average 
of 30%.
Sensitivity
For the laboratory vane, the ratio of the undisturbed and the vane 
remolded strengths was very significantly higher (P < 0.01) than the
TABLE 20 
TYPICAL VARIATIONS OF FIELD VANE AND 
UNCONFINED STRENGTHS
(HOUMA)
FIELD VANE SU tsf UNCONFINED c„tsf
COEFF. OF 
VARIATION
—  (%)D E P T H
ft.





3 -6 0.700 0.360 0.530 0.244 0.181 0.221 64 29
6 -9
9-12
0.680 0.320 0.500 0.416 0.288 0.368 72 35
12-15
0.620 0.300 0.460 0.397 0.225 0.328 85 52
15-16
0.620 0.610 0.615 0.416 0.277 0.332 3 42
18-21
0.920 0.780 0.850 0.328 0.219 0.289 16 38
21-24 0.570 0.520 0.545 0.313 0.224 0.282 9 32
24-27 0.490 0.480 0.485 0.236 0.212 0.221 2 11











LABORATORY VANE FIELD VANE UNDRAINED
TRIAXIAL
S, = cut/R2SM = SU,/Rn SI-2 = Sw/fo
0 - 3 - - 4.45 -
3 - 6 5.5 1.24 6.15
6 - 9 - - 7.6
9-12 - - 4.15
12-15 2.2 0.83 3.00 2.30
15-18 5.4 1.16 3.40 2.80
18-21 2.29 0.78 2.80 0.52
21-24 1.48 0.42 3.40 1.38
24-27 4.86 1.23 2.77
2 7 -3 0 3.89 1.55 2.62
30 -33 - - 4.45
33-36 5.66 2.61 3.67
36 -39 1.60 1.11 2.66




















ratio of the undisturbed to completely remolded strength (Fig. 32).
Average ratios of the undisturbed to vane remolded strengths were 
3.7 and 3.3 computed from the fie ld  and the laboratory vanes respectively 
(Table 21).
For the laboratory vane, the completely remolded strength was found 
to be significantly (P < 0.05) higher than the vane remolded strengths 
(Fig. 34). A statistical analysis indicated no significant difference be­
tween the in it ia l vane remolded and the second vane remolded strengths 
(Fig. 34).
Pocket Penetrometer Strength
Pocket penetrometer strengths of samples obtained from below 12 f t .  
in the fie ld  varied between 4.8 PSI (0.35 ts f) and 6.0 PSI (0.45 ts f) ,  
(Table 16). The pocket penetrometer (fie ld ) strength showed a transi­
tion from soft to medium consistency between 9 and 12 f t .  (Fig. 28).
Typical laboratory pocket penetrometer strengths varied between 
1.82 PSI (0.31 ts f) and 6.8 PSI (0.49 ts f) . Differences between the 
maximum and the minimum pocket penetrometer strengths, measured on the 
same core, varied from 0.5 PSI TO 6 PSI (Fig. 36).
A comparison of fie ld  and laboratory penetrometer strengths indicated 
higher fie ld  strength (Fig. 35). These results were obtained by conduct­
ing both the fie ld  and the laboratory tests on the same core. They there­
fore reflect some loss of strength due to handling and storage. In view 
of the large variances in measured laboratory penetrometer strengths 
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Standard penetration values (N) generally varied from 2 to 3 
blows/ft., exceptions being one, four and five blows/ft. at 6 f t . - 9 f t . ,
36 f t . -39 f t . ,  and 15 f t . -18 f t . ,  respectively (Table 16). The SPT 
indicated a fa ir ly  homogeneous soil (Fig. 29), a finding which was sup­
ported by the results of the index properties.
SPT—Field Vane Test
The undisturbed fie ld  vane strengths were very highly significantly 
CP < 0.0005) higher than that computed from the SPT* test. A comparison 
of vane remolded and the SPT* strengths indicated no significant difference 
between these strengths, although in most of the cases the SPT* gave 
slightly higher value (Table 16).
SPT—Unconfi ned Compression Test
The unconfined compression test gave significantly higher (P < 0.005) 
strength values than that obtained by the SPT* test. No significant cor­
relation could be established between the above two tests from the re­
sults obtained at Houma.
SPT*— Pocket  Penetrometer
A comparison of the SPT* and the pocket penetrometer (fie ld ) 
strengths indicated a difference of about 100% between the measured 
tests, with the SPT* giving lower strength (Table 16 ). No significant 
correlation could be developed between these tests.
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The computed SPT strengths were lower than the undisturbed fie ld  
vane and unconfined compression strengths. At Houma, the computed* SPT 
strengths were comparable with the field  vane remolded strengths. These 
results, therefore, indicate significant remolding by the standard pene­
tration test. I t  appears that the SPT cannot be used to estimate 1n-situ 
soil strength at Houma.
*After Terzaghi and Peck
CHAPTER VU I
MORGAN CITY-HOUMA
Geologically, both Morgan City and Houma sites contained similar
formation, i .e . Recent Mississippi deltaic deposits. This sim ilarity, 
along with similar index and engineering soil properties, was used to 
develop correlations between various strength tests, from combined data.
Statistical analysis indicated no significant difference between 
the standard penetration test results from Houma and Morgan City sites. 
The fie ld  vane and the unconfined compression tests showed similar d if­
ferences between the Houma and the Morgan City soils. The above factors 
ju s tify  the use of regression analysis for combined data from these two 
sites.
Equations correlating various strength tests determined by using 
combined Morgan-City data are shown in Table 23. Equation MH-1 correla­
ting unconfined compression and laboratory vane strength, using combined 
Morgan City-Houma data have similar coefficient of correlation (r) and 
coefficient of variation (CV) as that for correlations between these 
tests using Morgan City and Houma.
As explained earlier, this correlation was used to determine the 
effect of differences in testing procedure. Numerically, this effect 
was computed as 11% for Houma and 20% for Morgan City from Equations 18 
and 22 respectively (Tables 8, 18).
Average laboratory vane strength values for Houma and Morgan City 
sites were 0.24 ts f and 0.42 ts f , respectively. Substituting these 
values in correlation developed for the combined data (Eq. MH-1), the 
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the Houma and the Morgan City sites respectively. These values are 
very similar to those determined by Equations 18 and 24 respectively. 
Thus, the equation 23 can be used to correlate laboratory vane and 
unconfined compression tests in geoligical formations similar to those 
of Morgan City-Houma site (Fig. 37).
Field Vane-and Unconfined Cortipfession Tests
Equations 23 and 24 and statistical parameters are shown in Table 
23. A comparison of these and similar values from Tables 8 and 18 
showed very similar statistics. Combining the data from the Houma and 
Morgan City sites did not result in increase in coefficient of variation 
or decrease in the coefficient of correlation. Within sample error 
showed a slight increase. This was expected because these statistics  
indicate natural variation in the soil which was likely to increase be­
cause of combination of data from two sites a few miles apart.
Comparison of Observed and Predicted Unconfiiled Strengths
Equation w ill be used to predict unconfined strengths from the 
observed fie ld  vane test. Although Equations 24 and 25 have slightly  
better statistics, use of Equation is preferred as i t  involved a ll 
data and thus can be applied more generally.
Values of the predicted and observed unconfined strengths are 
tabulated in Table 22. These values along with the maximum- and minimum 
observed unconfined strengths are plotted in Fig. 38.
Appreciable differences between the predicted and the observed 
values for Morgan City were found for soils between 0 f t . -6 f t . ,  12 f t . -  
15 f t .  and 24 f t . -27 f t .  At no depth, however, was this difference
TABLE 22 
TYPICAL "PREDICTED AND OBSERVED 
UNCONFINED STRENGTHS-------














MC HOUMA MC HOUMA MC HOUMA
0 - 3 0.858 0.404 0.455 - 0.334 0.168
3 -6 0.872 0.53 0.520 0.221 0.338 0.210
6 - 9  . 0.857 0.58 0.335 - 0.333 0.143
9-12 0.828 0.500 0.352 0.368 0.322 0.149
12-15 0.705 0.460 0.382 0.328 0.278 0.246
15-18 0.762 0.605 0.269 0.332 0.298 0.241
18-21 0.698 0.850 0.241 0.289 0.275 0.330
21-24 0.704 0.545 0.252 0.282 0.278 0.219
24-27 0.726 0.485 0.370 0.221 0.285 0.197
27-30 0.691 0.575 0.261 0.283 0.273 0.230
30-33 0.726 0.560 0.264 0.218 0.285 0.225
33-36 0.815 0.590 0.283 0.192 0.318 0.236
36-39 0.774 0.630 0.267 0.214 0.302 0.250
39-42 0.769 0.830 0.325 - 0.300 0.323
♦Regression equation MC -*■ Morgan City
TABLE 23
Results of Regression Analysis (Morgan C1ty-Houma)
Tests Correlated DepthsIncluded
Coeff.






















Cu* *  = 0.458 Sul*  + 0.119 0.78 24 0.0001 31 23
Unconfined compres­
sion (CJ and fie ldu
vane (SuF)
0-15 f t Cu**  = 0.495 SuF̂ + 0.023 0.88 19 0.0001 23 24
15-42 f t Cu* *  = 0,364 SuF̂  + 0,020 0.84 15 0.0001 25 25
All
Depths
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larger than the difference between the minimum and maximum observed un­
confined strengths. For most of the soil the predicted and the average 
observed values did not have any significant difference.
At Houma the difference between the predicted and the observed 
strength was more than that between the maximum and minimum strengths, 
for soils between 9 f t . -12 f t .  and 30 f t . -33 f t .  For the rest of the 
material, the reverse was found to be true.
The above discussion shows that the equation 24 gives a good cor­
relation between the. unconfined compression and fie ld  vane tests for geo­
logical formations similar to the Morgan City-Houma area.
CHAPTER IX 
LAPLACE
Laplace test site is located very near to Lake Pontchartraln. 
Geologically, the site contained Recent alluvial deposits of soft clayey 
soils containing organic deposits.
The samples were obtained by 3 in. diameter Shelby tubes, 5 in. 
diameter, thin-wall tube and Osterberg piston samplers. A total of 
seven boreholes were tested by the fie ld  vane. Medium, large, and modi­
fied vanes were used at this site. The soil was found to be too soft 
and too weak to permit any accurate measurement by the small vane. Stan­
dard penetration test (SPT) were conducted on two boreholes. Presence of 
excessive amounts of wood and roots at the shallower depths (0-15 f t . )  
prevented obtaining useful samples up to 15 f t .  depth. The SPT and the 
fie ld  vane tests were conducted between 0-42 f t .  Over 90 cores were ob­
tained for laboratory tests. All of these samples were extruded in the 
fie ld  and after extrusion pocket penetrometer tests were conducted on 
most of them.
Samples obtained by 3 in. diameter Shelby tubes and 5 in. diameter 
tubes were found to be excessively disturbed while the samples obtained 
by the Osterberg sampler were in fa ir ly  good condition (McManis, 1975). 
Shear strengths obtained by conducting laboratory strengths tests on 
3 in. diameter Shalby tubes and 5 in. diameter tube samples have not been 
considered as the representative strength values.
Classification
More than a hundred liquid and plastic lim its tests were conducted 
on the samples obtained between 15 f t . -42 f t .  Over seventy grain size
163
TABLE 24 








ATTERBERG LIMITS HYDROMETER ANALYSIS
LL (%) PI (%) CLAY (%) SILT (%)
0 - 3
3 -6 56 29 54 46
6 - 9
9-12 •
12-15 48 10 25 75
15-18
o
77 -56 2S> 66 34
18-21 88 82 50 63 37
21-24 73 68 42 62 38
24-27 62 69 45 59 41
27-30 67 \56'w 32 54 46
30-33 64 66 41 *54 46
33-36 58 59 37 52 48
36-39 61 59 36 49 51
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distribution tests were also conducted. Test results for each borehole 
are shown in Appendix E . No significant differences in index properties 
were found between different boreholes. Use of typical values for the 
entire site is therefore considered justifiab le .
Table 24 shows representative values of the index properties of soils 
at this site. The liquid lim it varied between 56 and 69, with one value 
of 48 for soil between 12 f t . -15 f t .  and one 82 for soil between 18 f t . -  
21 f t .  The plastic lim it varied between 22 and 38 with one 33 value for 
soil between 12 f t . -15 f t .  The plasticity index varied between 23 and 
45 with values of 10 and 50 for soils between 12 f t . -15 f t .  and 18 f t . -  
21 f t .  respectively. Percentage of the clay size particles was found to 
vary between 49 percent and 66 percent with one value of 25 percent soil 
between 12 f t . -15 f t .  No significant amount of sand size particles are 
found in any of the samples (Fig. 39).
Similarity of index properties between soils from different bore­




About f i f ty  unconfined compression tests were conducted on samples 
obtained from 18 f t . -24 f t .  depths. Figure 40 shows the distribution of 
a ll the unconfined strengths. Largest differences between the maximum 
and the minimum measured strength was found for soils between 15 f t . -  
18 f t .  This difference was 1.83 PSI. For the rest of the so il, d if­
ferences between maximum and minimum values were less than 1.5 PSI.
TABLE 25
TYPICAL LABORATORY STRENGTH RESULTS 
(LAPLACE)
(tsf) -----
























15-18 0.207 0.05 0.12 0.027 0.063 0.044
18-21 0.111 0.019 0.099 0.02 0.041 0.053
21-24 0.096 0.027 0.088 0.012 0.063 0.047
24-27 0.117 0.029 0.062 0.018 0.048 0.055
27-30 0.105 0.019 0.071 0.011 0.040 0.057
30-33 0.134 0.027 0.079 0.021 0.044 0.057
33-36 0.139 0.029 0.103 0.021 0.055 0.066
36-39 0.170 0.053 0.078 0.013 0.067 0.067
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Soil at laplace contained numerous pockets of organic material, and s i l t  
and sand lenses, making the soil non-homogenous. Differences in strengths 
were due to this non-homogenous nature of the soil.
Typical values of shear strength (cu) determined by the unconfined 
compression test are tabulated in Table 25 and are plotted in Figure 39. 
The shear strength (cy) varied between 1.2 PSI and 2.5 PSI (0.08 tsf and 
0.156 ts f). Plot of shear strength vs. depth (Figure 39) show an increase 
in strength with increase in depth, below 30 f t .  Above this depth no 
definite trend was noticed.
Undrained Triaxial Test
Undrained triax ia l strengths, determined at various depths are shown 
in Figure 40. The undrained triax ia l strength showed smaller variation 
compared to the unconfined compression test. Differences between maximum 
and minimum undrained triax ia l strengths were less than one PSI, except 
for soil between 27 f t . -33 f t .  where these differences were about 1.38 PSI.
Typical undrained triax ia l strengths (cuu) are tabulated in Table 
25 and plotted in Figure 42. The strength (cuu) varied between 1.23 
PSI (0.088 ts f) and 2.13 PSI (0.153 ts f) . The undrained triax ia l strength 
showed a general increase with increasing depth (Figure 42).
Laboratory Vane Test
All undisturbed laboratory vane strengths are plotted in Figure 41.
The laboratory vane test showed an excellent replication as most of the 
results were within a spread of 0.7 PSI. At some depths, one or two 
results showed larger variations (2 PSI). These variations were due to 
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vane shears a very small area and the Laplace soil was non-homogenous.
In some cases, therefore, the laboratory vane results possibly represent 
the strength of pockets of weaker or stronger material rather than that of 
the whole core. In computing the typical strength, the results showing 
variation of more than one PSI were disregarded. Table 25 shows the typi­
cal, undisturbed, vane remolded, completely vane remolded, and second 
vane remolded strengths. These results w ill be discussed in some 
detail in the later part of this chapter. The undisturbed strength was 
found to vary between 0.086 ts f and 0.207 ts f. These values are plotted 
1n Figure 42, and do not show any significant increase or decrease in 
strength with the depth.
Effect of Testing Procedure
The undisturbed laboratory vane strength (SuL) is plotted against 
the undrained triax ia l strength (Figure 43). In most cases the labora­
tory vane strength was higher than the undrained triax ia l strengths, in 
few cases, the reverse was found to be true. As explained earlier, the 
Laplace soil contained pockets of weaker materials and in some cases, 
the laboratory vane, shearing a smaller area, measured the strength of 
the weaker material rather than that of the whole core. As discussed in 
an earlier chapter, the differences between the laboratory vane and the 
undrained triax ia l strengths are largely due to the effects of differences 
in testing procedures.
Following correlation was developed between the undrained triax ia l 































0 0.05 0.10 0.15 0.20 0 .2 5
UNDRAINED T R IA X IA L  STRENGTH cpu(tsf)
STRENGTH
LABORATORY VANE VS UNDRAINED 










The equation obtained was:
cu = 0.776 SuL + 0.015
where cu = predicted undrained triax ia l strength (ts f)
SuL = observed laboratory vane strength (ts f)
The analysis showed a very highly significant (P < 0001) positive 
correlation between these tests. The coefficient of correlation (r )  was 
0.87 with a coefficient of variation (cv) of 19%. The within sample 
error was about 25%.
The average laboratory strength for this site was 2 psi (0.144 ts f) . 
Statis tically , the average effect of the testing procudure on measured 
laboratory vane strength for Laplace was found to be 12% (Equation 12).
Field Vane'Strength
A distribution of a ll fie ld  vane strengths measured at Laplace, 
showed that the undisturbed strengths, measured with either the medium 
or the large vane, generally varied between 8 and 25 PSI. (Table 26)
Typical undisturbed fie ld  vane strength varied between 2.65 PSI 
(0.19 ts f) and 4.58 PSI (0.33 ts f) while the typical vane remolded 
strength varied between 0.05 ts f and 0.1 ts f, (Table 27). Both the 
undisturbed and the vane remolded strengths indicated a trend of increase 
in strength with increase in depth, (Figure 46). The trend was similar 
to that shown by the undrained triax ia l strength (Figure 42).
Statistical analysis of the undisturbed and the vane remolded 
strengths measured by the medium, the large and the modified vanes indi­
cated no significant difference between these strengths (.Figure 44). The 
size and shape effect were, therefore, not significant at Laplace.
TABLE 26 
TYPICAL FIELD V A N E  STRENGTHS  
(LAPLACE) (tsf)
D E P T H
f t .












0 - 3 _ 0.08
3 - 6 0.287 0.053 0.305 0.087 0.148
6 - 9 0.185 0.034 0.75 0.041 0.122
9-12 0.183 0.068 0.145 0.082 0.197
12-15 0.243 0.056 0.183 0.049 0.296
15-18 0.208 0.085 0.190 0.072 0.247
18-21 0.300 0.106 0.266 0.084 0.296
21-24 0.252 0.066 0.176 0.060 0.271
24-27 0.247 0.159 0.188 0.067 0.243
2 7 -3 0 0.447 0.059 0.210 0.052 0.197
3 0 -3 3 0.328 0.096 0.215 0.051 0.200
33-36 0.270 0.109 0.223 0.061 0.247
3 6 -3 9 0.283 0.138 0.220 0.074 0.246
3 9 -4 2 0.313 0.118 0.245 0.048 0.296
TABLE 27
TYPICAL FIELD VANE STRENGTH 
(LAPLACE)




METER ~  
c (tsf)
SPT FIELD VANE S0(tsf)
# OF 





0 -3 3 0.187 0.332 0.077
3 -6 0.35 1 0.063 0.233 0.064
6 - 9 — 0 0 0.206 0.049
9-12 - 1 0.063 0.194 0.068
12-15 0.125 0 0 0.230 0.064
15-18 0.14 0 0 0.207 0.078
18-21
0.09 2 0.125 0.288 0.097
21-24 0.0625 0 0 0.221 0.063
24-27
0.075 0 0 0.218 0.066
27-30 0.07 1 0.063 0.205 0.056
30-33 0.08 1 0.063 0.210 0.086
33-36 0.095 2 0.125 0.241 0.089
36-39 0.105 0 0 0.256 0.095










0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.03 0.05 007 009 0.11 0.13 0.15 0.17
MEDIUM VANE UNDISTURBED (ts f) LARGE VANE UNDISTURBED (tsf) VANE REMOLDED STRENGTH (tsf)
















VANE REMOLDED STRENGTH 






FIELD VANE STRENGTH (tsf)













(N /m2 ) x 10- 4


















*  After Terzaghl and Peck ____  _  ___  _______












The typical anisotropy ratio  (Ra) ,  vertical strength (Sy) and hori­
zontal strength are tabulated in Table 28. The vertical strength (Sy) 
varied between 0.116 ts f and 0.302 ts f. Statistical analysis showed no 
significant difference between the vertical strengths measured by the 
medium and the large vanes.
Figure 47 shows a plot of the anistropy ra tio , the vertical and 
the horizontal shear strengths.
Between 6 f t .  and 18 f t .  the Ra value showed large variation.O
Below 18 f t . ,  the R_ values remained within acceptable inherent variationsa
(0.9 and 1.5). Thus, the larger variations at shallower depths could be 
assumed to be due to the presence of roots and wood, etc. Computed
vertical and observed fie ld  vane strengths show only minor differences
(Figure 47). Between 6 f t .  and 12 f t .  these strengths varied between 
0.7 PSI and 2.4*PSI. The horizontal strength showed a much larger vari­
ation. I t  varied between 0.1 ts f and 0.55 ts f.
Filed Vane vs. Laboratory Vane
A plot of fie ld  and laboratory vane strengths is shown in Figure 48. 
Statistical analysis indicated that the fie ld  vane strengths were very 
significantly higher (P < 0.001) than the laboratory vane strength.
Factors responsible for the differences between the laboratory and the 
fie ld  vane strengths have been discussed in Chapter 3. At Laplace, due 
to the presence of a larger number of pockets of weaker material, compara­
tively smaller size of the laboratory vane, at least in some cases re­
sulted in shearing the weaker material, which is then resulted in lower 
strength. In most cases, the undisturbed laboratory vane strengths were
TABLE _28 
TYPICAL VERTICAL (Sv) &  H O R IZ O N T A L  (Sh) 
SHEAR STRENGTH VALUES
(LAPLACE)
D E P T H
f t . sv (tsf) ShOsf)
ANISOTROPY RATIO
• • - •«*!•). . .
Ra=Sh/Sy
0 - 3 _
3 - 6 - - -
6 - 9 - - -
9 -1 2 0.139 0.325 2 .34
12-15 0.165 0 .550 3.13
15-18 0.176 0.392 2.23
18-21 0.301 0.333 1.11
21 -24 0.166 0.477 2.87
2 4 -2 7 0.191 0 .382 2 .00
2 7 -3 0 0.205 0.232 1.01
3 0 -3 3 0.178 0.198 1.70
3 3 -3 6 0 .258 0 .292 1.13
3 6 -3 9 0.266 0 .280 1.05
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in between undisturbed and vane remolded fie ld  vane strength. Differences 
between the laboratory and fie ld  vane strengths were also affected by the 
sample disturbances, i t  was not possible to separate the factors res­
ponsible for the differences between the laboratory and the fie ld  vane 
strength.
Field Vane vs. Unconfined Compression and llndrained Trlaxial Strengths
Figure 49 shows the plot of the fie ld  vane shear strength (Su) vs. 
the unconfined compressive strength for this site (cu). The fie ld  vane 
strengths were significantly higher (P < 0.001) than those determined by 
the unconfined compression test.
Figure 50 shows a plot of the shear strength determined by the un­
drained triax ia l test vs. the fie ld  vane strength. These results follow 
the trend established by the unconfined compression strength vs. field  
vane (Figure 49). Comparison of the fie ld  vane and the undrained t r i ­
axial strengths indicated very significantly higher strength for the 
fie ld  vane test (P < 0.001).
Correlation
Regression analysis showed that the fie ld  vane strength had a highly 
significant (P < 0.0001) positive correlation with both the unconfined 
compression and undrained triax ia l strengths. The regression analysis 
indicated high coefficient of correlation and low coefficient of vari­
ation and low within sample error (Table 28a). Intercepts for both the 
equations 27 and 28 are less than 0.2 PSI (Table 28a). Equation 28 ob­
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strength (S . ) ;  
unconfined compression 
strength (Cyj
Cy = 0.776 SuL 
+ 0.015
0.87 19 0.0001 27
Laboratory vane 
strength (S ,)s  and 
triax ia l strength (Cyyj
Cy = 0.703 SuL 
+ 0.026
0.79 18 0.001 28
Field vane strength 
(S - ) ;  uncombined com­
pression strength (Cy)
Cy = 0.536 Syp 
+ 0.0078
0.69 31 0.0001 29
Field vane strength 
(S r );  undrained t r i -  
axTal strength (Cyy)
Cyy = 0.534 SuF 
-  0.009
0.83 18 0.0001 30
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had a better f i t  to the data points than equation 21 obtained by correla­
ting the fie ld  vane and the unconfined compression strengths. A plot 
of the predicted vs. observed unconfined and undrained triax ia l strengths 
did not show any bias in favor of either high or low values (Figure 51).
In order to validate the regression equations (Table 28a), predicted 
unconfined and undrained triax ia l strengths were determined by using 
typical fie ld  vane strengths (Equations 27 and 28). These values were 
then compared with typical observed unconfined and undrained triax ia l 
strengths (Table 29). For the unconfined strength, differences between 
the predicted and the observed values were less than 10 percent, except 
for 18 f t . -21 f t .  soil layer where the difference was about 25 percent.
At Laplace, differences between the maximum and minimum observed 
unconfined compression or undrained triax ia l strengths were at an average 
3 to 4 times larger than that between the average and the predicted 
(Equations 27 and 28) strengths, (Figures 52 and 53). At this site error 
in predicting the typical conventional shear strength was much smaller 
than that resulting from taking an observed undrained triax ia l or uncon­
fined compression test result as the typical strength.
Comparison of Variation of Various Strength Tests
Coefficient of variations (CV) for fie ld  vane and unconfined com­
pression strengths are shown in Table 30. The fie ld  vane strengths 
have smaller coefficient of variations than the unconfined strengths, 
except for soil at 36 f t . -39 f t .  soil layer, where the reverse was true. 
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15-18 0.207 0.125 0.103 0 .088 0 .100
18-21 0.288 0 .081 0 .146 0.106 0.144
2 1 -2 4 0 .22 0.123 0.110 0.096 0.107
2 4 -2 7 0.218 0.095 0.109 0.111 0.106
2 7 - 3 0 0 .205 0.079 0.102 0 .115 0 .100
3 0 -3 3 0 .210 0.087 0 .104 0.145 0.102
3 3 -3 6 0 .241 0 .108 0 .121 0 .129 0 .119
3 6 -3 9 0 .256 0.134 0.129 0.134 0.127
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15-18 0.205 0.061 0.125 0.247 0.163 0.207 42% 17%
18-21
0.098 0.034 0.081 0.426 0.175 0.288 42% 31%
21-24 0.123 0.043 0.123 0 .271 0.162 0.22C 23% 19%
24-27 0.131 0.027 0 .094 0 .251 0.168 0.218 18% 16%
27-30 0.116 0.052 0 t 079 0.220 0.197 0 .20 ! 27% 5%
30-33 0.096 0.069 0.087 0.350 0.180 0.21C 24% 17%
33-36 0.176 0.018 0.108 0.275 0.185 0.243 13% 16%
36-39
0.151 0.088 0.134 0 .310 0.190 0.256 1% 15%
39-42 0.189 0.078 0.154 0.350 0.220 0.287 20% 15%
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Sensitivity
At Laplace, remolded, unconfined strength could not be determined 
because of the consistency of the soil made i t  Impossible to prepare a 
remolded sample.
For the laboratory vane, ratio of undisturbed vane strengths to the 
vane remolded strengths were about 3 times higher than the ratios of un­
disturbed to the completely hand remolded strengths (Table 31) and 
Figure 55).
A comparison of the ratios of undisturbed to the vane remolded 
strengths, for the fie ld  and the laboratory vanes, showed that the 
fie ld  vane test yielded a lower value (Figure 55). The difference was 
due to the non-homogenous nature of the Laplace soil and to the effects 
of disturbances on the undisturbed laboratory vane strengths.
4
Figure 54 shows that for the laboratory vane, the completely re­
molded strength is higher than both the in it ia l vane remolded and the 
second vane remolded test results. No significant difference between 
the vane remolded and the second vane remolded strength was found for 
this site (Figure 54).
Pocket Penetrometer
Pocket penetrometer tests were conducted on each extruded core.
Typical strengths are shown in Table 27. The pocket penetrometer strengths 
varied between 0.125 and 0.28 ts f. Figure 45 shows a general trend of 
decrease in strength with depth except for soil between 15 f t . -24 f t .  
where the reverse was found to be true.
Typical laboratory pocket penetrometer strengths are shown in
TABLE32
TYPICAL RATIO OF UNDISTURBED AND
REMOLDED SHEAR STRENGTHS 
(LAPLACE)
LABORATORY VANE FIELD VANE
DEPTH
ft. S M = V R ii SI-2 = Sû Ra S f - ^ / R *
0 - 3
3 -6
6 - 9 NO SA1PLES OBTAINED
9-12
12-15
15-18 4.17 1.23 2.85
18-21 4.27 1.04 2.93
21-24 3.75 1.15 2.80
24-27 4.47 1.54 2.79
27-30 3.76 1.54 3.29
30-33 4.26 1.14 3.10
33-36 4.00 2.00 3.00
36-39 4.40 1.87 2.65
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Table 25. These values varied between 0.14 ts f and 0.360 ts f. Shear 
strength (c) depth relationship Is shown 1n Figure 42. These do to In­
dicate a general trend of increasing strength with the depth, except 
for 18 f t . -21 f t .  soil layer which showed a significant decrease 1n the 
shear strength.
Figure 57 is a plot of the maximum, the minimum and the typical 
shear strength values obtained from the pocket penetrometer test for 
each depth. Statistical analyses show th&t the difference between the 
maximum and the minimum values is very highly significant. The maximum 
to minimum strength ratio varied between 3 and 10.
Comparison of Laboratory and Field Pocket Penetrometer Strengths
Figure 56 showed that for lower values of the strengths determined 
by the penetrometer (less than 0.1 ts f ) ,  the laboratory penetrometer 
tests yielded higher strengths. For strengths greater than 0.1 ts f, 
the reverse was found to be true. The variations in the laboratory 
strengths, for a particular fie ld  test were also found to decrease with 
increasing fie ld  strength values. Absence of such trends, at other 
sites, indicates that this was due to the nature of the soil encountered 
at Laplace. The soil at this site was extremely soft and an accurate 
measurement with an instrument like the pocket penetrometer was very 
d iff ic u lt. I t  is possible that for very soft soils, disturbance caused 
by the storage and handling of samples result in more stable orientation 
of particles resulting in higher strength. This could be speculated be­
cause the zone of the maximum disturbance is normally concentrated along 
the outer surface and the pocket penetrometer measures the strength 
of this zone.
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For the higher strengths, the trend for the Laplace site was found 
to be similar to that of other sites.
Standard Penetration Test (SPT)
At Laplace st. idard penetration tests varied between 0 and 3 blows/ 
f t .  I t  appears that the SPT is not sensitive enough to be used in such 
soft soils as encountered at the Laplace site . This was indicated by 
"zero" values indicated by the SPT, while a ll other strength tests indi­
cated some strength for the same soil (Tables 25 and 27).
In view of the above, no correlation between the SPT, and other 
strength tests was developed for the Laplace site.
CHAPTER X 
LAKE CHARLES
At Lake Charles two different locations about 1/2 mile apart were 
selected for this study. Geologically, both sites contained Pleisto­
cene deposits.
Samples were obtained by 3-inch diameter Shelby tube and 5-inch 
diameter tube samplers. A number of hand-cut block samples were also 
obtained from one of the locations. The blocks were obtained from soil 
between the depths of 27 f t .  and 33 f t .  About 400 tube samples were ob­
tained from these locations. Pocket penetrometer tests were conducted
on most of the samples extruded in fie ld . More than 80 standard penetra-
9
tion tests were conducted at both locations. Most of the fie ld  vane 
tests were conducted in strata below 21 f t . ,  since the soil above this 
depth was generally stronger than the capacity of the fie ld  vane equip­
ment, down to 21 f t . ,  the soil at both locations was highly oxidized 
and contained numerous s i l t  lenses, shell, iron oxide pellets and gypsum 
crystals. Below 21 f t . ,  the soil was fa ir ly  homogenous except for a few 
shells and occasional s i l t  lenses.
Classification
More than 500 Atterberg limits and hydrometer anlaysis tests were 
conducted on samples from both locations. Comparison of index properties 
of soil from the same depth at location shows that the variations were 
generally not excessive (5% to 8%). These variations are assumed to be 
the result of natural soil variation and experimental error. Due to 
small variations, observed typical index properties were used to classify 
the soil at both locations.
TABLE 33
TYPICAL SOIL INDEX PROPERTIES
(LAKE CHARLES)-----------
(LOCATION -1)






ATTERBERG LIMITS HYDROMETER ANALYSIS
LL PI CLAY (%) SILT (%)
0 - 3
19 45 29 41 46
3 - 6 20 40 25 4 42 42
6 - 9 23 46 29 44 47
9 -1 2 30 66 42 65 31
12-15 31 67 44 70 26
15-18 32 78 54 74 25
18-21 29 57 35 52 48
2 1 -2 4 32 60 38 51 49
2 4 -2 7 37 57 31 54 46
2 7 - 3 0 43 77 57 69 30
3 0 -3 3 49 81 61 70 29
3 3 -3 6 47 70 51 66 34
3 6 -3 9 36 48 30 46 53
3 9 - 4 2 48 66 41 -
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TABLE 34 









ATTERBERG LIMITS HYDROMETER ANALYSIS
LL PI CLAY (%) SILT (%)
0 -3 21 45 29 39 44
3 -6 19 38 22 30 64
6 -9 25 34 18 31 56
9-12 30 66 42 65 31
12-15 26 69 43 77 22
15-18 32 74 49 68 17
18-21 31 65 56 42
21-24 28 56 34 51 48
24-27 33 64 41 57 43
27-30 40 66 46 59 41
30-33 48 78 55 74 26
33-36 51 82 59 71 29
36-39 54 84 61 73 27
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Variations of the typical index properties for the entire soil 















1 40-81 25-61 21-74 26-53 0-16
2 34-84 18-61 30-77 26-56 0-15
Soils at Location 1 was classified as Heavy Clay (CH) for all 
depths except 0-9 f t .  and 36-39 f t .  layers, which were classified as 
Lean Clay (CL) (Fig. 58).
The classification for Location 2 was similar to that for Location 




Results of all undisturbed unconfined compression tests conducted 
at Lake Charles are shown in Figure 59. At almost all depths (for both 
locations), at least four unconfined compression strengths were within 
one RSI. Differences between the maximum and minimum unconfined strengths 
obtained at the same depth were between 0 and 9 PSI. Soil strata between 
9 f t .  and 18 f t .  contained oxidized material and iron pellets, the pre­
sence of these materials and other causes of natural variations are pro-: 
bable cause for this large scatter. At other depths, the scatter of un­
confined compression strengths is assumed to be the result of natural
TABLE 35
















0 - 3 0.63 0.54
3 - 6 0.91 -
6 - 9 0,702 0.65




2 1 -2 4 1.000 —
2 4 -2 7 0.94 0.65
2 7 - 3 0 0.51 0.557 0.94
3 0 -3 3 0.078 0.403 0.88
3 3 -3 6 0.81 - 0.462
3 6 -3 9 0.432 — 0.457
3 9 -4 2 -
soil variation and experimental error. At Location 1, typical unconfined 
compression strengths generally varied between 6.95 PSI (0.5 tsf) and 13.9 
PSI (1.0 ts f ) ,  with the exception of samples from between 30 f t .  and 33 f t .  
which produced a strength of only 1 PSI (0.079 ts f) (Table 35). At this 
location, soil between 15 f t .  and 33 f t .  showed 50% to 100% higher 
strengths than the rest of the soil (Fig. 60).
At Location 2 most of the unconfined compression tests were conducted 
on soil samples obtained below 24 f t .  (Fig. 61). Typical unconfined com­
pression strength at this location varied between 6.36 PSI (0.45 ts f) 
and 8.92 PSI (0.64 ts f) (Table 35). The unconfined compression strength 
decreased with increasing depth (Fig. 60).
Unconfined compression tests conducted on block sample Indicated 
about 100% higher strength compared to that obtained from the tube 
samples (Table 35).
Undrained Triaxial Strength
Undisturbed undrained triax ia l strength at Location 1 varied from 
4.2 PSI (0.303 ts f) to 15.2 PSI (1.11 ts f) (Table 36). Between 0 f t .  
and 33 f t . ,  the undrained triax ia l strength decreased with increasing 
depth; below this depth, however, the strength increased with increasing 
depth. For most of the depths, at this location, the undrained triaxial 
strength was lower than the corresponding unconfined compression 
strength (Fig. 60). Undrained triax ia l strengths on samples from this 
location were conducted after a long storage period (about one year). 
Reductions in observed undrained triax ia l strength are assumed to be 
the result of loss of strength due to long storage periods. (McManis,
1975).
TABLE 36
















0 -3 - 0.705
3 -6 l . l l 0.485
6 -9 0.57 0 .62 0.107
9-12 0 .82 0 .51 -
12-15 0.622 0.64 0 .96
15-18 0.517 0.99 0.816
18-21 0.533 0 .32 0.657
21-24 0.480 0 .38 0.858
24-27 0.366 0 .41 0.863
27-30 0.41 0 .25  , 0.713 0.89 0.27
30-33 0.396 0 .16 0 .581 0.88 0.16
33-36 0.303 0.12 0.489
36-39 0.365 0.14 0.636
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At Location 2, the undrained triax ia l strengths were generally 
slightly higher than the unconfined compression strengths (Fig. 61).
At this location, no long storage time was involved for either the un­
confined compression or the undrained triax ia l strength tests.
Laboratory Vane Strength
The undisturbed laboratory vane strength at Location 1 varied 
between 5.9 PSI (0.425 ts f) to 21.8 PSI (1.57 ts f) while at Location 2 
the strength varied between 9.45 PSI (0.68 ts f) and 14.3 PSI (1.06 ts f) 
(Table 37). At both locations the undisturbed laboratory vane strength 
generally decreased with increasing depth (Fig. 61).
Effect of Testing Procedure
A plot of undisturbed laboratory vane versus unconfined compression 
test results (Fig. 63) indicated higher laboratory vane strengths com­
pared to the unconfined compression strengths. Comparison of the un­
disturbed laboratory vane and undisturbed undrained triax ia l strength 
also showed laboratory vane tests yielding higher strength.
As discussed earlier, the main reason for the higher laboratory 
vane strengths is the difference in testing procedures of the laboratory 
vane and conventional laboratory strength tests. Effects of the d if­
ferences in testing procedures of the above mentioned tests are esti­
mated by a regression of these tests. Results of the regression analysis 
for the Lake Charles site are shown in Table 38. Based on the average 
laboratory vane strength (0.54 ts f) for this site and equation 12, the 
effect of testing procedure was computed to be 22%.
TABLE 37






























0.975 0.30 0 .85 0 .20
3 -6 1.125 0.40 1.05 0.325
6 -9 1.570 0.775 1.475 0 .65
9-12 1.337 0.187 0.26 0.281
12-15 0.955 0.283 1.102 0.265
15-18 0.925 0.166 0.775 0.155 0.60 0.201 0.287 0.167
18-21 0.675 0.238 0.475 0.243 m
21-24 0.843 0.493 0.631 0.306 1.063 0.225 0.906 0.259
24-27
0.950 0.400 0.860 0.325 1.056 0.265 0.63 0.210
27-30 1.038 0.325 0.338 0.110 0.95 0.273 0.45 0.141
30-33 0.459 0.094 0.29 0.094 0.693 0.198 0.308 0.122
33-36 0.425 0.18 0.225 0 .05 0.93 0 .21 0.341 0.104
36-39 0.675 0.137 0.775 0.275 0.683 0 .151 0 .31 0.102
39-42 0.225 0.05 0.213 0.150 0.87 0.197 0.4? 0.135
TABLE 38
Results of Regression Analysis (Lake Charles)























Cy = 0.55 Su[_ + 0.130 0.82 40 0.0001 30
Field vane strength 
(Sup); unconfined com­
pression strength (Cy)
Cy = 0.536 Sup - 0.0017 0.87 22 0.0001 23
Field vane strength 
(Syp); undrained t r i -  
axial strength (Cyy)
Cyy = 0.689 Sup - 0.0095 0.91 18 0.0001 20
Unconfined compression 
strength (Cy); standard 
penetration strength 
(Sp)
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At Lake Charles most of the fie ld  vane tests were conducted in 
a stratum containing fa ir ly  homogenous soil. Results of the undisturbed 
fie ld  vane tests, at all tested depths, show very small scatter (Fig. 64). 
Difference between maximum and minimum observed fie ld  vane strengths at 
a depth varied between 0.56 PSI and 2.56 PSI. This relatively small 
scatter indicates that at Lake Charles, horizontal variations in in-situ  
strength (as measured by the fie ld  vane) are of very l i t t l e  significance.
Typical undisturbed fie ld  vane strength varied from 11.4 PSI 
(0.82 ts f) to 25.2 PSI (1.81 ts f) . Typical vane remolded strengths varied 
between 2.92 PSI (0.21 ts f) and 9.95 PSI (0.70 ts f) (Table 39). Both the 
undisturbed and the vane remolded strengths decreased with increasing 
depth (Fig. 66).
Effect of Vane Size
Comparison of the undisturbed fie ld  vane strengths obtained by the 
medium and the small vanes show that both vanes measured practically the 
same strength. Maximum difference between these strengths was about 
0.2 PSI while that for the remolded strength was about 0.8 PSI (Fig. 65). 
These differences were of the same order as those obtained by comparing 
the fie ld  vane results conducted by either medium or small vanes at any 
particular depth. Differences between the medium and small vanes, there­
fore, are due to the natural soil variation. Differences in the vane 
size do not have any effect on the measured fie ld  vane strength.
Comparison of Field Vane and Conventional Laboratory Strength Tests 




D E P T H
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21 -2 4 1.810 0.612 -
2 4 -2 7 1.58 0.550 —
2 7 - 3 0 1 .06 0.334 1.04 0.300
3 0 -3 3 0 .961 0.332 0.956 0.239
3 3 -3 6 0.812 0.300 0.827 0.237
3 6 -3 9 0.817 0.164 - 0.137
3 9 -4 2
t
TABLE 40








STANDARD PENETRATION FIELD VANE Su(tsf)
# OF BLOWS c* tsf UNDISTURBED VANEREMOLDED
LOG—1 LOC-2 LOC-1 LOC-2 LOC-1 LOC-2 LOC-1 LOC-2
0 - 3 0 .75 7 7 0.438 0.438
3 -6 0.68 10 9 0.643 0.572
6 - 9 — 14 9 0.928 0.572
9-12 1.31 11 10 0.714 0.643
12-15 1.50 9 14 0.571 0.98
15-18 1.31 10 12 0.643 0.786
18-21 1 .30 10 12 0.643 0.786
21-24 1.31 9 12 0.571 0.786 - 1.885 0.706
24-27 0.78 7 9 0.438 0.572 1 .89 1.54 0.530 0.587
27-30 0.73 5 6 0.313 0.375 1.58 1.061 0.204 0.315
30-33 0.68 3 7 0.188 0.438 0.94 0.944 0.212 0.344
33-36 0 .60 3 5 0.188 0.313 0.501 0.846 0.212 0.272
36-39 0.49 6 5 0.375 0.313 0 .968 0.816 0 .255 0.225
39-42 0.53 8 5 0.500 0.313 - - -
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given by undrained triax ia l strengths (Fig. 68). Unconfined compres­
sion strengths were about one-half of the fie ld  vane strength (Fig. 67).
At Location 2, the fie ld  vane, the undrained triax ia l and the unconfined 
compression strengths showed a decrease with increasing depth (Fig. 60 
and 66). Thus indicating that a ll tests were conducted in soils with 
similar properties and natural soil variation is not the major reason 
for difference in strengths measured by these tests.
Comparison of fie ld  vane strength and conventional laboratory test 
results conducted on block samples shows very l i t t l e  difference between 
these strengths. The fie ld  vane strength was higher by 11% compared to 
the undrained triaxial strength and 8% compared to unconfined com- 
compression strength (Tables 35 and 46).
Similarity of the strengths obtained by fie ld  vane and by conven­
tional laboratory strength tests show that the fie ld  vane test essentially 
measures the in-situ strength. No definite conclusion can however be 
drawn in view of the short number of small block samples obtained for 
testing.
Effect of Sampling Disturbances
A plot of the fie ld  vane versus laboratory vane strengths shows 
that the field  vane test always resulted in higher strength (Fig. 69).
Most of the fie ld  vane tests were conducted between the depths of 24 f t .  
and 42 f t .  Soils in this region were fa ir ly  homogenous. Effects of 
difference in size of the fie ld  and the laboratory vanes is therefore 
less significant compared to the effects of sampling disturbances.
For 21 f t .  to 42 f t .  soil strata at Lake Charles, the average lab­
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The upper lim it of sample disturbance for the Lake Charles site is com­
puted to be 46% (Equation 12).
Correlation
Very highly significant positive correlation (P < 0.001) was indi­
cated by the regression analysis between the fie ld  vane, urtconfined com­
pression and the fie ld  vane undrained triax ia l strengths (Tabel 38).
The regression analysis for correlations between the fie ld  vane and 
conventional laboratory strength tests (Table 38) also indicated low 
coefficients of variation and low intercepts (less than 0.1 PSI), the 
intercept is insignificant and is caused by the natural soil variations 
and experimental errors. Equation 33 obtained by correlating the field  
vane and the undrained triax ia l strengths, f i t  the data points better 
than equation 32, which was obtained by correlating the fie ld  vane and 
the unconfined compression strengths. Both equations 32 and 33 did not 
show any bias in favor of higher or lower strengths.
In order to validate the regression equations, predicted and ob­
served conventional laboratory strength values were compared. In the 
case of the undrained triax ia l test difference between these strengths 
varied between 0.1 PSI (0.008 ts f) and 6.1 PSI (0.44 ts f ) ,  while for 
the unconfined compression strength, this variation was between 0.09 
PSI (0.005 ts f) and 2.4 PSI (0.17 ts f) (Table 40).
For both the undrained triax ia l and unconfined compression tests, 
differences between the maximum and the minimum observed strengths were 
always greater than the differences between the predicted and the typi­
cal strengths. The error involved in predicting the strength of Lake
TABLE 41
TYPICAL ‘ PREDICTED AND OBSERVED UNCONFINED
AND UNDRAINED TRIAXIAL STRENGTHS
(LAKE CHARLES)






UNCONFINED c tsf UNDRAINED TRIAXIAL c tsf










21-24 1.885 . — 1.009 0.842 1.280
24-27 1.540 0.653 0.824 0.858 1.05
ro 1 W O 1.049 0.605 0.561 0,774 0.713
3 0 -3 3 0.944 0.398 0.504 0.633 0.641
33-36 0.819 0.439 0.434 0.532 0.555
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Charles so il, from one or two conventional laboratory strength tests 
would be higher than the error induced by predicting these strengths 
from the regression equations, correlating fie ld  vane strength with 
shear strength obtained by unconfined compression and undrained triaxial 
tests, (Figure 70).
Block Samples:
The following table shows a comparison of average fie ld  vane 
strength and results of unconfined compression and undrained triaxial 
tests conducted on block (bench cut) samples (Table 35 and 36).
Depth ( f t . )
27-30 30-33
Field Vane Strength:
Undisturbed (ts f) 1.06 0.94
Remolded (ts f) 0.26 0.23
Block Strength:
Unconfined undisturbed (ts f) 0.94 0.88
Undrained triax ia l:
Undisturbed (ts f) 0.89 0.88
Remolded (ts f) 0.27 0.16
Block samples were obtained from fa ir ly  homogenous soil. They are 
undisturbed. Effects of natural soil variation and sampling disturbances 
are therefore not very significant in comparing the fie ld  vane and con­
ventional laboratory strength tests (conducted on block samples). Dif­
ferences in testing methods between these tests is therefore the main 
reason for slightly higher fie ld  vane strengths.
Comparison of Variation of Strength Tests
Coefficient of variations (CV) for the fie ld  vane were between 3.6%
and 12% with an average of 7%. The CV for the undrained triaxial
TABLE 42





FIELD VANE tsf UNDRAINED TRIAXIAL tsf COEFFICIENT OF VARIATION -
23













21-24 1.96 1.81 1.885 1.05 0.662 0.858 5.6 22.8
24-27 1.58 1.50 1.540 0.99 0.71 0.862 3.6 9.95
27-30 1.23 0.89 1.064 0.87 0.55 0.729 13.2 13.2
30-33 1.00 0.90 0.944 0.83 0.29 0.575 4.6 19.17
33-36 0.950 0.805 0.846 0.750 0.39 0.503 5 20




strength varied from 10% to 31% with an average of 19%. At Lake Charles 
the coefficients of variation were computed for fa ir ly  homogenous soil. 
Because natural soil variations were observed to be very small, experi­
mental errors therefore were the main cause of variations. A lower coef­
fic ien t of variation for the fie ld  vane indicates that the fie ld  vane 
test has much smaller variation than undrained triax ia l strength tests 
(Table 42).
Sensitiv ity
From the laboratory vane results, the ratio of undisturbed to vane 
remolded strengths was 2 to 4 times higher than the ratio of the undis­
turbed to the completely remolded strengths (Table 43). Sensitivity de­
termined from the undrained triaxial and unconfined compression strengths 
was closer to the ratio of undisturbed to completely remolded strength 
(Table 43). The ratio of undisturbed to vane remolded strengths, 
obtained from the fie ld  vane test, was in between that obtained from the 
laboratory vane test and sensitivity measured by the conventional labora­
tory strength tests (Fig. 71). The above discussion shows that the vane 
remolded strengths and the completely remolded strengths measure d if­
ferent soil strength properties. I t  also indicates that the ratio of 
undisturbed to vane remolded strengths, determined by the fie ld  or the 
laboratory vanes, do not measure sensitivity of soil according to its  
conventional definition.
The following trends were noted for the remolded strengths de­
termined by the laboratory vane test (Fig. 72 and 73).
a) Completely remolded strength (RoL) was significantly 
higher than the in it ia l and second vane remolded 
strengths (P < 0.05)
TABLE 43













S, = c /R2S M  = Sbl/Ri, Sl-2 = W fo
0 - 3 3.25 1.14 1.15
3 - 6 3.26 1.06 —
6 - 9 1.90 1.07 1.01
9 -1 2 7.26 1.07 1.07
12-15 3.25 0.95 0.95 0.82
15-18 4.85 1.11 0.604
18-21 3.26 1.45 0.334
21 -24 3.00 1.21 2.84 1.05
2 4 -2 7 4.00 0.98 2.52 0.995
2 7 - 3 0 4.31 1.44 1.35 1.41
3 0 -3 3 3.01 1.73 2.16 1.91
3 3 -3 6 4.00 1.22 2.48 2.92
3 6 -3 9 4.90 0.85 1.78 2.30
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b) There was no significant difference between in itia l 
and second vane remolded strengths.
Pocket Penetrometer Strength
Typical pocket penetrometer strengths measured in fie ld  and in 
laboratory are shown in Tables 44 and 43.
At Location 1, differences between the maximum and the minimum pene­
trometer strengths (lab) were between 0 PSI and 20.6 PSI (1.5 ts f).
At Location 2, where most of the tests were conducted on soil between 
21 f t .  and 42 f t . ,  these differences were from 1.3 PSI (0.1 ts f) to 
11.1 PSI (0.8 ts f) (Fig. 75). These large variations indicate that not 
much reliance can be placed on a single penetrometer strength.
A plot of pocket penetrometer strength obtained in the fie ld  versus 
that obtained in the laboratory did not show any specific trend of either 
of the tests giving higher or lower values (Fig. 74). The pocket pene­
trometer tests, therefore, cannot be used to determine the effects of 
storage and handling.
Standard Penetration Test
The number of blows per f t .  (N) varied from 3 to 14 and 5 to 14 at 
Locations 1 and 2, respectively (Table 40). A plot of N versus depth 
shows that, except for soil between 6 f t .  and 9 f t . ,  12 f t .  and 15 f t . ,  
and 30 f t .  and 33 f t . ,  curves for both locations are very similar to 
each other, indicating a similar soil strata extending to both locations 
(Fig. 66). At both locations, depth versus strength pattern for the SPT 
was similar to that shown by the fie ld  vane and pocket penetrometer 
strengths.
TABLE 44




LOCATION—1 c (tsf) LOCATION-2 c (tsf)
MAXIMUM MINIMUM AVERAGE MAXIMUM MINIMUM AVERAGE
0 - 3 1.62 0.75 0.95
3 -6 1.75 0.87 1.20
6 -9 1.4 0.63 0.99
9-12 1.25 0.95 1.14
12-15 1.50 0 1.05
15-18 1.05 0.25 0.78 0.60 0.45 0.54
18-21 0.85 0.25 0.665 - - -
21-24 1.13 0.5 0.775 0.75 1.1 0.917
24-27 0.63 0.075 0.635 1.1 0.38 0.832
27-30 0.62 0.88 0.638 0.92 0.45 0.640
30-33 0.5- 0.25 0.38 0.625 0.25 0.454
33-36 0.3 0.3 0.30 0.650 0.375 0.466
36-39 0.85 0.58 0.60 0.45 0.25 0.342
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Comparison of strengths* from the SPT and pocket penetrometer tests 
shows that the la tte r tests resulted in higher strengths (Table 40 ). No 
significant correlation could be drawn between these tests.
In most of the cases, undisturbed undrained triax ia l strengths 
were higher than those computed* from the SPT (Fig. 77). Regression 
analysis indicated highly significant positive correlation between these 
tests. The equation obtained had a very large intercept, coefficient of 
variation, and within sample error. The coefficient of correlation be­
tween the undrained triaxaial and SPT strength was 0.61 (Table 38). The 
analysis therefore did not result in a correlation which can be used with 
confidence.
Undisturbed fie ld  vane strengths were at an average between 2 and 
3 times higher than those computed* from the SPT results (Fig. 76).
Comparison of the vane remolded strength versus the SPT strength 
shows that the data points were almost equally distributed on either 
side of the line of equal values (Fig. 76). The strength-depth curve 
for these tests also showed a very similar trend.(Fig. 66).
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Erwinville site contains Recent Mississippi alluvium deposits. The 
soil at Erwinville was highly fissured, and fissure planes were found to 
run in every direction. Presence of these fissure planes differentiates 
the soil at Erwinville from Houma and Morgan City deposits, although 
geologically all of these sites are situated in Recent Mississippi de­
posits.
At Erwinville, 3 in. diameter Shelby and 5 in. diameter tubes were 
used for the sampling. About 80 samples were obtained for laboratory 
tests. The standard penetration test (SPT) was used to test the soil 
strength in two boreholes. Field vane tests, both undisturbed and vane 
remolded, were conducted in four boreholes. Pocket penetrometer tests 
were conducted on all the cores extruded in the fie ld .
Classification
For the Erwinville s ite , most of the index property tests were 
conducted on soil samples from one borehole. At some depths, however, 
Atterberg limits tests and hydrometer analyses were conducted on samples 
from different boreholes. This was done to determine the horizontal vari­
ation in the soil index properties. Results showed that these variations 
were generally within a range of 5%. Typical index properties were 
therefore used for soil classification.
For the entire depth, liquid lim it and plasticity index varied 
between 36% and 100% and 22% and 29%, respectively. Percentage of clay 
size particles were within a range of 21% to 87%. No significant 
amount of sand size particles were found at any depth (Table 45).
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TABLE 45 








ATTERBERG LIMITS HYDROMETER ANALYSIS
LL PI CLAY (%) SILT (%)
0 -3 52 84 53 81 18
3 -6 64 95 58 87 13
6 - 9 41 66 40 66 34
9-12 49 99 65 87 13
12-15
49 96 64 85 13
15-18 50 100 66 84 16
18-21 42 92 62 73 26
21-24 41 66 44 51 49
24-27 47 65 41 60 40
27-30 43 81 52 82 17
30-33 37 64 59 60 36
33-36 38 50 26 54 45
36-39 31 36 10 21 75
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Natural moisture content was slightly higher than the plastic lim it 
but considerably lower than the liquid lim it. Below 12 f t . ,  the natural 
moisture content as well as the liquid lim it decreased with the increas­
ing depth (Fig. 78). Soil between 33 f t .  to 36 f t .  and 39 f t .  to 42 f t .  
was classified as Lean Clay (CL) while the rest of the soil was classi­
fied as Heavy Clay (CH).
Laboratory Shear-Strenqth Tests
Undrained Triaxial Strength
Differences between the undisturbed undrained triax ia l strengths 
obtained from different cores, at some depths, varied between 0.2 PSI and 
1.6 PSI (Fig. 79). These differences show that variations of strength in 
lateral directions were insignificant. Average strength, at each depth, 
was therefore treated as the typical undrained triax ia l strength.
The typical undisturbed undrained triax ia l strength varied from
2.05 PSI (0.15 ts f) to 3.68 PSI (0.27 ts f) (Table 46).
For the Erwinville soil almost a ll completely remolded tests 
yielded higher strengths than those obtained from a corresponding undis­
turbed test (Table 46). This was due to the presence of numerous f is ­
sures. The process of complete remolding destroyed the fissured planes 
and thus resulted in a more stable structure with higher shear strength.
Laboratory Vane Strength
Only undisturbed and in itia l vane remolded strengths (R^) were 
determined for the soil from this site. The undisturbed strength (S ^) 
varied between 3.88 PSI (0.28 ts f) to 13.19 PSI (0.95 ts f) , while the 
in itia l vane remolded strength varied between 2.77 PSI (0.20 ts f) to
TABLE 46
TYPICAL UNDRAINED TRIAXIAL COMPRESSION STRENGTHS
(ERWINVILLE)
D E P T H
f t .
UNDISTURBED cjtsf) COMPLETELY REMOLDED R^tsf)
0 -3 0.152 0.284
3 -6 0.148 0.127
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TYPICAL LABORATORY VANE AND POCKET 
PENETROMETER (LAB) STRENGTH RESULTS 
(ERWINVILLE)
D E P T H
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0.75 0.60 0.675 0.760 0.438
3 -6 0.45 0.375 0.41 0.663 0.370
6 - 9 0.60 0.600 0.60 0.650 0.325
9-12 0.60 0.500 0.65 0.663 0.338
12-15 0.75 0.60 0.69 0.950 0.425
15-18 0.63 0.615 0.61 0.750 0.400
18-21 0.75 0.30 0.68 0.875 0.580
21-24 0.45 0.375 0.40 0.413 0.350
24-27 1.25 0.25 0.585 0.688 0.387
27-30 1.10 0.55 0.805 0.912 0.468
30-33 0.70 0.50 0.60 0.882 0.438
33-36 0.25 0.25 0.25 0.425 0.423
36-39 0.25 0.20 0.225 0.275 0.205
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8.06 PSI (0.58 ts f) (Table 47).
For the laboratory vane test, the undisturbed strength (S ^ ) was 
generally 1.5 to 2.0 times higher than the in it ia l vane remolded strengths 
(R.^) (Fig. 80), while the undrained triax ia l test produced higher com­
pletely remolded strength. The undisturbed laboratory vane strengths 
were 2 to 4 times higher than the undisturbed undrained triax ia l strengths 
(Fig. 81). Following are the reasons for the differences in the undis­
turbed and remolded strengths as measured by the laboratory vane and 
the undrained triax ia l tests:
a) Because of the relatively small dimensions of vanes the 
undisturbed laboratory vane strength was a measure of the
strength of intact clay between the fissures. The undis­
turbed undrained triaxial results, on the other hand, were 
greatly affected by the fissures. These two tests were 
therefore measuring the strengths of different sections of 
the soil.
b) In the .case of the laboratory vane test, the process of 
vane remolding created an a rtif ic ia l slickenside surface, 
whose strength was obviously lower than that of the 
intact clay. The remolded strength measured by the 
undrained triax ia l test was that of a more stable 
structure, resulting in a higher remolded strength.
In view of the above discussion, i t  appears that both the undis­
turbed undrained triax ia l and the in it ia l vane remolded strengths 
measure the strength along fissured planes.
A comparison of equations 35 and 36 (Table 50) shows that the
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in it ia l remolded laboratory vane strength (R1L;) and undisturbed undrained 
triax ia l strength had better correlation than the undisturbed laboratory 
vane and undrained triax ia l strengths. This was indicated by a lower 
intercept and a higher coefficient of correlation (r) for equation 36 
(Table 50). The equation obtained by correlating undisturbed undrained 
triax ia l strength and in it ia l vane remolded strength (R-||_) had a better 
f i t  to the data than the equation obtained by correlating undisturbed 
strengths from both of these tests (Figure 80). At this site , the effect 
of the testing procedure was not computed because undisturbed undrained 
triax ia l and undisturbed laboratory vane strengths appear to measure 
strengths of different soil sections.
Field Vane Strength
At Erwinville, in excess of one hundred undisturbed and vane re­
molded tests were conducted with the medium and the small vanes. Gener­
a lly , results of multiple undisturbed and vane remolded tests were within 
one PSI (Figure 82). At some depths, however, variations of as much as 
4 to 5 PSI were measured. These large differences were attributed to 
the presence of roots. Presence of the roots were detected during the 
block sampling operation. In computing the typical strengths, values 
with such large differences have not been considered. Only three un­
disturbed and three vane remolded strength test results had to be 
disregarded for the above reasons.
Statistical analysis conducted on the undisturbed fie ld  vane results, 
obtained by the medium and the small vanes, showed no significant d if­
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TABLE 48  













0-3 0.60 0.30 0.60 0.30
3-6 0.62 0.33 0.60 0.30
6-9 0.66 0.37 0.65 -
9-12 0.72 0.41 0.79 -
12-15 0.75 0.36 0.80 0.35
15-18 0.75 0.35 0.76 0.34
18-21 0.83 0.45 0.89 0.45
21-24 0.73 0.34 0.77 0.42
24-27 0.81 0.30 0.71 0.27
27-30 0.78 0.35 0.79 0.30
30-33 0.86 0.35 0.63
33-36 0.81 0.27 0.83 -
36-39 0.60 0.31 0.91 0.30
39-42 0.50 0.25 0.61 —
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TA B LE 49  
















0 -3 0.56 5 (5,4) 0.313 0.60 0.30
3 -6 0.42 5 (6,3) 0.313 0.61 0.31
6 -9 0.43 4 (3,4) 0.250 0.65 0.37
9-12 0.53 5 (6,4) 0.313 0.75 0.41
12-15 0.65 4 (3,5) 0.25 0.78 0.35
15-18 0.53 5 (5,4) 0.313 0.75 0.34
18-21 0.57 6 (6,5) 0.375 0.86 0.45
21-24 0.40 4 (5,3) 0.25 0.75 0.38
24-27 0.40 4 (3,4) 0.25 0.76 0.28
27-30 0.69 7 (5,8) 0.437 0.78 0.32
30-33 0.38 3 (4,2) 0.188 0.75 0.35
33-36 0.33 3 (3,2) 0.188 0.82 0.27
36-39 0.20 3 (4,2) 0.188 0.76 0.31
39-42 0.40 5 (4,5) 0.313 0.56 0.25
*After Terzaghi and Peck
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that for some depths, strengths determined with the medium size vane were 
high while at other depths the small vane strength produced higher 
strengths (Fig. 82). Fissure planes in the Erwinville soil were so 
numerous that they affected both the small and the medium vane strengths 
equally. The measured undisturbed and the vane remolded strengths were 
completely independent of the size of the vane.
Typicai undisturbed fie ld  vane strength varied between 7.78 PSI 
(0.56 ts f) to 11.94 PSI (0.86 ts f ) ,  while the vane remolded strength 
varied between 3.47 PSI (0.25 tsf) to 6.25 PSI (0.45 ts f) (Table 48} .
For the field  vane, the vane remolded strengths were smaller than the
undisturbed strengths. Both the undisturbed and the vane remolded
strengths showed a general trend of increase in strength with increasing 
depth, down to 39 f t .  Below this depth, however, both the undisturbed 
and the vane remolded strengths decreased (Fig. 84).
Field Vane vs. Laboratory Vane Strengths
Results obtained from a ll other test sites indicated higher undis­
turbed field  vane strength compared to the undisturbed laboratory vane 
strength. At Erwinville, this was not found to be always true; in many 
cases, the undisturbed laboratory vane test yielded higher strength (Fig. 
85). As discussed earlier, in some cases the undisturbed laboratory 
vane strength measured the strength of intact clay. The undisturbed 
fie ld  vane strength is affected by the presence of fissure planes. In 
some cases, therefore, these two tests measure the strength of two d if­
ferent sections of the soil. This is the most probable reason for some 
higher laboratory vane strength as the difference between the strength 
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any possible reduction in strength due to sample disturbance.
Comparison of the undisturbed fie ld  vane and the remolded labora­
tory vane strengths (Fig. 85) indicate a pattern similar to that noted 
for other sites. This supports the earlier discussion that the in it ia l 
laboratory vane remolded strength (R ^) measures the strength along a
i
fissure plane. At Erwinville, therefore, the undisturbed fie ld  vane 
and in it ia l vane remolded strengths were used to determine the upper 
lim it of sample disturbances. The upper lim it of effect of sampling 
disturbance for the Erwinville site was found to be 45%.
Filed Vane Strength vs. Undrained Triaxial Strength
Undisturbed fie ld  vane strengths were higher than the undisturbed 
undrained triax ia l strengths (Fig. 86). This trend is similar to that 
noted for other sites. Both tests show similar change in strengths with 
change in depth (Figures 80 and 84), indicating similar soil strength 
characteristics in the horizontal direction.
Correlation
Both the fie ld  vane and the undrained triax ia l were affected to 
varying degrees by the presence of the fissures at this site. Any cor­
relation between these two tests would be affected by this factor also, 
in addition to the effects of testing procedure and sampling disturbances.
Regression analysis, Eq. 37 and Table 50, show that the coeffi­
cient of correlation for the Erwinville site is comparatively smaller 
than that for other sites. This was expected because the presence of 
fissures introduced another variable at the Erwinville site.
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tory vane (S ..) and 
undrained triaxial
(cuiP
CutJ* = 0.158 SuL + 0.1061 0.55 25 0.01 65 35
Undisturbed, undrained 
triaxial (Cmj) and 
in it ia lly  rmolded 
laboratory vane (R^J
C^ = 0.397 R1l + 0.056 0.60 24 0.0065 65 36
Undisturbed, undrained 
triaxial (C,.,,) and 
fie ld  vane “s F) 
strengths
= 0.308 SuF - 0.017 0.56 26 0.0002 69 37
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error (Table 50) and a poor f i t  of the regression equation to the data 
point (Fig. 86) indicates that at Erwinville the undrained triax ia l and 
the fie ld  vane test do not have a good correlation.
Comparison of Variation of Various Strength Tests
Coefficient of variation (CV) for the fie ld  vane and undrained t r i ­
axial tests were compared to determine the scatter of these tests. The
coefficient of variation for fie ld  vane varied between 1% and 45% with 
an average of 16.8% (Table 51). Field vane test has therefore less vari­
ation than the conventional laboratory tests.
Sensitivity
Sensitivity determined by the undrained triax ia l test varied between 
0.45 and 1.30 (Table 52). As expected, most of the values were below 
one, indicating higher completely remolded strength.
In the case of the laboratory and the fie ld  vane tests, the vane 
remolding process did not result in any more stable structure as in the 
case of the completely remolded strength. The ratios of the undisturbed 
to the vane remolded strengths, for both vanes, were expected to be 
above unity. For the laboratory vane test these ratios varied from 1.00 
to 2.23 while for the fie ld  vane test, the variation was between 1.73 
and 2.80 (Table 52).
The sensitivity as measured by the undrained triax ia l test and the 
ratio of the undisturbed to vane remolded strength measures different soil 
parameters.
Pocket Penetrometer Strength
The pocket penetrometer strength of various cores, measured in the
267
TABLE 51


















0.71 0.53 0.615 0.361 0.239 0.306 15.1 16.2
3 -6 0.71 0.53 0.615 0.33 0.262 0.296 15 16
6 -9 0.82 0.51 0.658 0.468 0.423 0.446 20 7
9-12 0.82 0.62 0.758 0.384 0.344 0.362 12 5
12-15 0.82 0.68 0.770 0.342 0.219 0.280 8 18
15-18 0.79 0.72 0.76 0.583 0.320 0.455 4 22
18-21 1.04 0.76 0.88 0.769 0.269 0.472 13 45
21-24 0.84 0.62 0.75 0.569 0.472 0.521 12.6 13.2
24-27 0.81 0.42 0.65 0.587 0.427 0.529 5 16.8
27-30 0.81 0.66 0.76 0.613 0.449 0.531 9 22
30-33 0.86 0.62 0.70 0.452 0.450 0.451 1 1
33-36 0.83 0.81 0.82 0.38 _ __
36-39 0.91 0.59 0.70 0.332 0.326 0.329 1 1
39-42 0.61 0.45 0.525 0.264 0.251 0.258 21 35
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TABLE 52
TYPICAL RATIOS OF UNDISTURBED AND
REMOLDED SHEAR STRENGTHS 
(ERWINVILLE)
FIELD VANE LAB. VANE UNDRAINED TRIAXIAL
DEPTH
ft. SW = V R w SM = VR » SFCJR2
0 -3 2.27 1.73 0.63
3 -6 2.16 1.79 1.30
6 -9 1.72 2.0 -
9-12 2.04 2.04 0.45
12-15 2.61 2.23 0.57
15-18 1.98 1.875 0.575
18-21 2.10 1.48 0.598
21-24 2.33 1.93 -
24-27 2.39 1.76 1.21
27-30 2.80 1.98
30-33 2.40 2.03




fie ld , obtained from the same depth, varied from 1.38 PSI (0.1 ts f) 
to 2.76 PSI (0.20 ts f). Typical pocket penetrometer strength varied be­
tween 2.76 PSI (0.2 ts f) and 9.58 PSI (0.69 ts f) (Table 49). The poc­
ket penetrometer indicated very s t i f f  and very loose soil layers at 27 f t .  
to 30 f t .  and 36 f t . -39 f t . ,  respectively (Figure 84). Visual inspection 
and additional shear strength tests indicated that the pocket penetro­
meter test indicated the consistency of soil quite accurately.
Typical pocket penetrometer strengths measured in the laboratory 
varied between 3.19 PSI (0.23 ts f) and 9.58 PSI (0.69 ts f) (Table 47). 
Differences between the maximum and minimum pocket penetrometer (lab­
oratory) strengths varied between 1.38 PSI (0.1 ts f) and 13.8 PSI 
(1.0 ts f) . Generally there was better agreement between the maximum 
and the minimum penetrometer strengths at this site compared to the 
other sites (Fig. 88). This was due to relatively fewer numbers of 
s ilt  lenses and other foreign material in soil at the Erwinville site .
Comparison of the pocket penetrometer strengths measured in the 
fie ld  and laboratory did not indicate any trend of higher strength for 
either of the tests (Fig. 87). The pocket penetrometer test was thus 
not sensitive enough to measure any possible loss of strength due to 
storage and handling.
Standard Penetration Test (SPT)
Differences between the SPT tests conducted at this site were 
generally less than 2 blows/ft. Typical SPT values varied between 3 
and 7 blows/ft. (Table 49). The SPT showed fa ir ly  constant values for 
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value (Fig. 84). As already discussed, the pocket penetrometer strength 
also indicated a s tiffe r soil at this depth.
Undrained Triaxial Strength vs. SPT Strength*
A comparison of the undisturbed undrained strength and the SPT 
strength showed generally higher strength for the SPT (Fig. 88). The 
undrained triax ia l strengths observed at other sites, in most of the cases 
were higher.
The undrained triax ia l test of remolded specimens produced higher 
strengths than those of undrained specimens. The remolding thus re­
sulted in improved strength property. Remolding caused by the SPT is the 
most likely reason for the higher SPT* strengths at this site. No sig­
nificant correlation could be developed between these tests.
Standard Penetration vs. Field Vane Strengths
The fie ld  vane test gave higher strength than the SPT (Fig. 89). No 
significant correlation could be developed between these tests.


















(N /m 2 )X  10“ 4








0 0.1 0.2 0.3 0.4 0.5





























(N /m 2) X I0 ‘ 4













*After Terzaghi and Peck
FIELD V A N E  SHEAR VS STANDARD  
PENETRATION




DISCUSSION AND SUMMARY OF RESULTS 
Comparison of Shear Strengths of Soi1 Determi ned by Pi fferent Tests
Classification test results from a ll sites showed that there were 
no large variations in soil index properties at any particular site.
Depth versus strength curves for the fie ld  and laboratory strengths 
(Figures 9, 13, 26, 29, 42, 46, 60, 66, 80, 84) generally follow a 
similar trend of change in strength with depth, which indicates that 
both the laboratory and the fie ld  strength tests were conducted in soils 
with similar strength properties.
Laboratory Vane Versus Unconfined Compression and Undrained Triaxial 
Strengths
Results from all sites showed that the laboratory vane test yield­
ed higher strengths than that obtained by undrained triax ia l or uncon­
fined compression tests, (Figures 16, 31, 49, 50, 67, 68, 86). These 
tests were conducted on samples from the same core, higher laboratory 
vane strengths are, therefore due to the difference in the test pro­
cedures with natural soil variations having minimal effects on difference 
in measured strengths
Laboratory Vane Versus Field Vane Strengths
Results from a ll sites except Erwinville showed that the fie ld  vane 
test yielded higher strength, these results are in agreement with those 
obtained by Fenske (1957). Compared to the fie ld  test results, the 
laboratory vane results showed larger variations in strength with change 
in depth, (Figures 9, 26, 42, 60, 80). Soil Samples obtained from
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nearly a ll sites contained varying amounts of sand and s i l t  lenses, 
shells, and ferrous and calcereous nodules and pockets of organic ma­
teria ls . In most of the cases these materials were not extensive enough 
to effect the strength of the whole core, strengths obtained by the lab­
oratory vane were nevertheless affected to a greater degree by the com­
paratively smaller size of the laboratory vane (1/2 in. diameter by 
1/2 in. long). In soil samples obtained from Erwinville site some of the 
laboratory vane strengths were higher than the comparative fie ld  vane 
strength. The Erwinville soil was heavily fissured. Thus the laboratory 
vane strengths in some cases were indicative of the strengths of the 
intact clays between the fissures, thus resulting in higher laboratory 
vane strength (Figure 85).
Field Vane Versus Unconfined Compression and Undrained Triaxial Strengths
Results from all sites show that the undisturbed shear strengths 
obtained by the fie ld  vane test were 1.5 to 2.0 times higher than the 
strengths obtained by unconfined compression and undrained triaxial 
strengths (Figure 16, 31, 50, 68, 86). Similar results were obtained 
by other researchers (Bannet & Mecham, 1953; Eden and Hamilton, 1956; 
Anderson et a l. 1972, etc.)
Comparison of shear strengths obtained by conducting unconfined 
compression and undrained triax ia l strength tests on block samples and 
corresponding fie ld  vane strengths show that the strengths obtained by 
the fie ld  vane test were about 8 percent to 10 percent higher (Tables 
35 and 36).
Differences between the fie ld  vane and unconfined compression and 
undrained triax ia l test results may be caused by the following:
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1. Taper effect on observed fie ld  vane strength
2. Effect of vane size and shape
3. Effect of surface of failure
4. Effect of anisotropy
5. Effect of testing procedure
6. Effect of sampling disturbance
Results from this study with respect to the above factors are dis 
cussed in the following paragraphs.
Taper Effect on Observed Field Vane Strength
Area of the tapered section of vane blades is not considered in
the derivation of the vane equation (5). This phase of the study in­
dicates that neglecting the tapered section in the vane equation (5)
results in overestimation of the strength by this equation. The per­
centage of overestimation varies with the size of the vane, which is 
summarized below.
Vane Size
Small Modified Medium Large 
Percentage overestimation 5 16 <2 <2
Use of average vane blade dimensions, in the vane equation (5), 
in lieu of the nominal dimensions, resulted in reduction of the ob­
served fie ld  vane strength. This reduction was 4% for the small vane 
and 17% for the modified vane.
In this study a ll fie ld  vane strengths, for the small and the 
modified vanes, have been computed by using the average vane blade d i­
mensions in lieu of the nominal dimensions in equation (5). This
modification rectifies the error introduced by neglecting the tapered 
blade section. Equation 5 was not modified for tests conducted with the 
medium and the large vanes, as the effects of neglecting the tapered 
section for these vanes in not significant.
Vane Size Effects
At least two different size vanes were used for fie ld  vane tests
at each site . Results from a ll sites shows that both the undisturbed
and remolded shear strengths were not significantly affected by the 
vane size (Figures 12, 28, 45, 65, 82). At no site any particular size 
vane showed any specific trend by producing higher or lower strength. 
Differences in strengths as measured by fie ld  vane by using different 
size vanes were mainly due to natural soil variation,
Soil at Lake Charles was homogenous and strengths obtained by using 
medium and small vanes were within 3 percent of each other (Figures 64 &
Results showing virtually  no effect of vane size on measured 
strength are important because different soil conditions require use of 
different size vanes. Any significant effect of vane size on measured 
strength would make i t  very d iffic u lt to interpret fie ld  vane test 
results.
Anisotropy
Results from different sites indicated that the soil at test sites
was anisotripic to varying degrees (Table 7, 17, and 28). Average
anisotropy ratios (ratio of horizontal to vertical strengths) for the 
soils at Morgan City, Houma and Laplace sites were 1.28, 1.56 and 2.31 
respectively. Studies by other researchers, in similar types of soils,
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indicated ratios of horizontal to vertical shear strengths varying 
between 1.1 and 2.0 (Aas, 1965; DeLory, 1969; Northwood, 1971).
The following table gives the average, observed vertical and 
horizontal shear strengths from different sites.
Average Field Vane Strength 
(ts f)
Sites Observed Vertical (Sv) Horizontal (Sn)
Houma 0.58 0.59 0.89
„ Morgan City 0.78 0.72 0.84
Laplace 0.24 0.21 0.34
In fie ld  vane tests conducted with vanes of height to diameter 
ratio of 2 to 1., about 95% of the observed strength is contributed by 
the vertical strength. Very small differences between the vertical 
and observed strengths, as shown by the above table, were therefore ex­
pected.
Soils with anisotropy ratios of more than one w ill have higher 
horizontal strength. As the observed vane strength largely reflects 
the strength along the vertical plane, higher horizontal strength 
means that the observed fie ld  vane strength is indicative of the weaker 
strength. I t  is obvious that for soils with anisotropy ratios of less 
than one, the observed strength is indicative of the higher strength, 
a condition which may lead to dangerous circumstances. A similar con­
clusion was drawn by Blight (1970), who found the anisotropy ratio of 
less than 0.5 as the critica l value. In this study at Morgan City, 
soil strata between 15 f t .  and 21 f t .  indicated anisotropy ratios of 
less than 0.5. Corresponding horizontal shear strengths were also much 
smaller than the observed shear strength.
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Pi fferences Between Actual and Theoreti cal Sheared Areas
One of the assumptions in the vane equation (1) is that the failure  
surfaces form a cylindrical volume of so il, whose dimensions are the same 
as vane dimension. The computed vane strength w ill overestimate the in- 
si tu strength i f  the actual sheared area were larger than the assumed 
or the theoretical sheared area.
Figure 91, the radiograph of the vane sheared cores showed that a 
distorted region exists beyond the sheared section corresponding to the 
actual vane dimension. Use.of X-ray technique made i t  possible to see 
the distorted region more clearly. A number of X-rays were obtained 
after shearing a soil sample by the laboratory vane. These X-rays 
also indicated presence of distorted regions beyond the actual vane 
dimensions. The extent of the distorted region depended upon the size 
of the vane and type of so il. No definite conclusion could be drawn 
because of the small amount of data. Generally, the distorted area was 
about 5% to 10% of the sheared area corresponding to actual vane area.
These findings are similar to that of Skempton (1948) showing the 
"effective diameter to be about 5% greater than the vane diameter."
Carlson (1948) and Holtz (1961) reported that in their visual in­
spection and study of photographs of the sheared area they did not ob­
serve any distorted region beyond the area corresponding to the actual 
vane dimensions. As the distorted area is very small, i t  is possible 
that visual inspection or photographs might not have been able to 
identify that area.
Relatively smaller distorted area indicates that the assumption of 
the theoretical and the actual sheared areas being equal leads to an
D ISTO R T,
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error of about 5%, which is not very significant. This reduction in 
observed strength does not account for the differences in fie ld  vane 
and laboratory shear strengths. To account for the differences, the 
"effective diameter" would have to be at least 26% larger than the 
vane diameter. No disturbance to this extent was found in the radio­
graphs.
Effects of Testing Procedure
Differences in strengths measured by the laboratory vane and un­
confined compression and undrained triax ia l strengths may be due to: 
a) natural soil variation, b) storage effect, c) effects of difference 
in testing procedure.
In this study, the f irs t  two factors (a and b) are not very sig­
nificant, because both tests were conducted almost simultaneously on 
different sections of the same core. Effects of differences in testing 
procedure of the laboratory vane and the conventional laboratory 
strength test is therefore a most important reason for difference in 
strengths as measured by these tests.
In the case of vane test, the observed strength is a combination 
of the strengths along a vertical and a horizontal plane, which may or 
may not correspond to the weakest plane. Both the undrained triax ia l 
and unconfined compression tests measure strength generally along 
the weakest plane.
As discussed, in most of the cases the laboratory vane test in­
dicated higher strength. This indicates that generally the failure  
plane did not coincide with the weakest plane, and the laboratory vane 
test therefore may overestimate the soil strength.
283
The following table gives the effects of testing procedure at 
different sites:
Sites
Laplace Morgan City Houma Lake Charles
Effects of testing 
procedure (Etp) 12% 19% 11% 22%
Some differences in values of effects of testing procedure were 
expected because of presence of varying amounts of weaker and stronger 
materials at various sites. As already discussed the laboratory vane 
strength is affected by these foreign materials, causing differences 
in the values of effects of testing procedure.
Due to the large difference is size of fie ld  and laboratory vanes 
and nonhomogeneous nature of soils tested, the effect of testing pro­
cedure values cannot be directly applied to the fie ld  vane results.
These values nevertheless indicate that a ll the differences between 
the fie ld  vane and conventional laboratory strength cannot be attribut­
ed to the effect of testing procedure.
Effects of Sample Disturbances
Comparison of the fie ld  and laboratory vane strengths indicate 
higher fie ld  vane strength at a ll sites (Figures 15, 32, 48, 69, 85).
As discussed in Chapter 2 » differences in these strengths are mainly 
due to the natural soil variation and sample disturbances. Due to the 
large difference in size of the fie ld  and the laboratory vanes, effects 
of natural soil variation becomes significant in nonhomogenous so il.
This effect could not quantitatively determined. The computed effect 
of sample disturbance also included the effects of natural soil variation.
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The following table gives the effect of sample disturbances at 
various sites:
Sites
Laplace Houma Morgan City Lake Charles
Effect of Sample
Disturbance (Esd) 40% 58% 45% 46%
Comparison of the unconfined compression strengths obtained from 
the block and the tube samples showed that the strength from the block 
sample was about 55% higher. This difference is mainly due to the 
natural soil variation and effect of sample disturbance, as the block 
samples are assumed to have least possible degree of disturbance. This 
value (55%) compares fa ir ly  well with the value of 46% obtained for the 
Lake Charles site . Close agreement between the values of effect of sam­
ple disturbance from different sites indicates that effect of natural 
soil variation is much less significant than that of the sample dis­
turbance.
Comparison of Data Scatter from Field Vane and Conventional Laboratory 
Strength Test Results
All strength tests used in this study showed varying amounts of 
scatter in the observed soil strength obtained at any particular depth 
and at a ll sites, (Figures 8, 11, 40, 44, 59, 64). This scatter is 
caused by natural soil variation and experimental errors. At a ll sites 
samples for laboratory tests were obtained from boreholes very close to 
the field vane test holes. Classification tests did not show any ex­
cessive natural soil variation at any site . I t  can therefore be safely 
assumed that the effects of natural soil variations were equal for all
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the fie ld  and the laboratory tests. A test with lower coefficient of 
variation w ill have lesser scatter and therefore lesser experimental 
error compared to a test with higher coefficient of variation.
Results
The following table gives the average coefficient of variation 
for the fie ld  vane and the conventional laboratory strength tests at 
each site:
Coefficient of Variation (CV) %
Lake Morgan
Test Laplace Charles Houma City Erwinville
Field Vane 17 8 28 15 11
Undrained Triaxial — 19 - -  17
Unconfined Compression 23 — 30 18
The coefficient of variation (CV) for the Lake Charles site is for 
a fa ir ly  homogenous soil strata (24 f t .  to 42 f t . ) ;  this implies that 
the effect of natural soil variation on the scatter is not very signi­
ficant. Substantially smaller coefficient of variation for the fie ld  
vane test at this site indicates lesser scatter and more consistent 
results. Average coefficient of variations were smaller for the fie ld  
vane tests at a ll sites. Individual comparison of the CV for the field  
vane and the conventional laboratory strength tests show that the 
la tte r have higher value in 75% of the cases (Table 10, 20, 30, 42, 51). 
This phase of the study, therefore, clearly shows that the fie ld  vane 
tests have less scatter when compared with the results of unconfined 
compression and undrained triax ia l strength test results.
Work by other researchers in soft clays, marine clays and organic
soils indicate that the vane shear test gives more consistent results 
compared to the conventional laboratory strength tests (Eden and 
Hamilton, 1956; Cadling and Lindskog, 1957; Eden, 1966, 1971; Anderson 
et a l, 1972; Anderson, 1962, etc.)
Correlation
Shear strength values used for design are normally in terms of con­
ventional laboratory strengths. Correlations between the fie ld  vane 
and conventional laboratory strength tests are developed to express the 
observed field vane strengths in terms of the conventional laboratory 
strength.
Regression analysis indicated highly significant positive corre­
lations between fie ld  vane and conventional laboratory strengths at a ll 
sites. The equations obtained were in the general form:
Y -  mx + c
Y = predicted conventional
laboratory strength
x = observed fie ld  vane strength (ts f)
The following table is a summary of the regression analyses:
(Tables 9, 18, 25, 28(a), 38, 50* Appendix H).
The statistical analysis shown in the study is performed in an 
effort to determine whether correlations exist among the data point 
and data basis studied. I t  should be emphasized that the statistical 
correlations shown here are applicable to the specific geologic forma­
tions studied and may not be applicable to other soil formations. 














cv(Percent)m ■ c ....... ......... r 2 .......... r
FIELD VANE AND UNCONFINED COMPR:SSI0N TESTS
Laplace 0.536 -0.0078 0.85 0.92 17
Houma 0.317 .08 0.48 0.69 31
Morgan City 0.509 -0.066 0.66 0.81 19
Lake Charles 0.536 -0.001 0.76 0.87 22
FI ILD VA!'IE AND UNDRA NED TRIAXIAL iSTRENGTH TESTJ
Laplace 0.534 -0.0097 0.92 0.96 10
Lake Charles 0.689 -0.009 0.83 0.91 18
Sites: Results from Houma indicate lower coefficient of correlation and 
higher coefficient of coefficient of variation compared to a ll other 
sites. Main reason for this is small number of data points at Houma. 
Results from Houma w ill therefore not be included in the following dis­
cussion.
Intercept: Statistical analyses, not included in this study show that 
the intercept value is not significant. Negative intercept does not 
indicate a negative unconfined or undrained triax ia l strength corres­
ponding to a zero fie ld  vane strength. As the value of intercept is 
less than 1% i t  can be disregarded without affecting the computed value 
to any significant degree
Coefficient of Correlation: A coefficient of correlation of unity w ill 
indicate that a ll data points fa ll on a straight line. Coefficient of 
correlation for this study varied between 0.81 and 0.96 indicating a
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significant linear correlation between fie ld  vane and laboratory test 
results.
Coefficient of Determination: Values of coefficient of determination 
show that 66 percent to 85 percent of variations in unconfined compres­
sion test results and 83 percent to 92 percent variations in undrained 
triax ia l results are explained by regression equations. The rest is 
due to natural soil variations and human and experimental factors which 
cannot be explained by the regression equation. Correlation between 
unconfined compression and fie ld  vane tests have smaller coefficient of 
determination compared to that for the correlation between fie ld  vane 
test and undrained triax ia l tests. This is expected because the un­
drained triax ia l strength test is a better controlled strength test 
than the unconfined compression test.
Coefficient of Variations: Coefficient of variation values are not very 
high considering the general nonhomogenous nature of population (so il).
At every site , differences between the maximum and the minimum ob­
served conventional laboratory strengths were more than that between the 
average observed and predicted* laboratory strengths (Figures 18, 52,
53, 70). Accuracy of the predicted* values depends upon the re lia b ility  
of the fie ld  vane value. S tatistically more reliable results can be 
obtained by conducting more tests, a condition to which the fie ld  vane 
test is well suited because of its  low operational cost.
Normally a small number of laboratory strength tests are con* 
ducted to attain a strength value for a particular site. This phase of
♦Predicted from regression equations
289
the study shows that the conventional laboratory strengths are less 
accurate than that obtained by the fie ld  vane results. The study also 
shows that fa ir ly  accurate conventional undrained triax ia l or unconfined 
compression strengths can be computed, provided correlations between the 
fie ld  vane strength and the conventional laboratory strength have been 
developed.
Sensitivity
Sensitivity of soil is defined as the ratio of unconfined undis­
turbed to remolded strengths. Many researchers have used results of 
fie ld  vane tests to determine the sensitivity of soil (Skempton, 1948).
In a vane test, vane remolded strength is determined by rotating 
the vane a few times in the sheared soil. Remolded strength (completely 
remolded strength) is determined by shearing a prepared sample.
Some of the main factors contributing to the shear strength of 
soil are stress history, structural arrangement, residual strength and 
thixotropy. The process of complete remolding eliminates the effects 
of stress history while the vane remolding of the sheared surface com­
pletely destroys the effects of structural arrangement. The vane re­
molded and completely remolded strengths therefore measure different 
soil strengths. This is confirmed by the laboratory vane test results; 
at a ll sites, the completely remolded strengths were 2 to 3 times higher 
than the corresponding vane remolded strengths (Figures 19, 34, 48, 50, 
61).
In this study a second vane remolded strength was determined by 
rotating the vane a few times in completely remolded sheared samples, 
without allowing sufficient time for thixotropy to develop. In view
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of the above discussion, the second vane remolded strength is there­
fore indicative of the residual soil strength. Results of this study 
indicated no significant difference between the in it ia l and the second 
vane remolded strengths (Figures 19, 34, 48, 60, 61). Therefore that the 
vane remolded strength is a measure of the inherent or residual soil 
strength. The vane remolded strength obtained by the fie ld  vane test 
is also a measure of the residual soil strength, as the process of re­
molding is similar for both tests. Differences between the residual 
strengths as determined by the field  vane and laboratory vanes are mainly 
due to the size of the vanes, effects of which have been discussed earlier.
Capability of vane test to measure the residual strength is very 
useful. The residual strength is the minimum soil strength, which 
depends only upon soil composition and is the only strength le f t  after 
sudden failure of earth structures.
Results from this study show that for the same so il, sensitivities 
determined by the conventional laborayory strength tests were generally 
lower than the ratios of undisturbed to completely vane remolded strengths. 
Similar results were obtained by Fenske (1957). Results of the labora­
tory vane test show that the ratios of undisturbed to vane remolded 
strength were significantly higher than the ratios of undisturbed to 
completely remolded strengths (Figures 20, 33, 55, 71).
The field  vane test cannot be used to determine the "sensitivities" 
as the vane remolded strength measures a different soil property than 
that determined by the conventional laboratory strength tests.
The following points summarize the above discussion:
1) Completely and vane remolded strengths measure
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different soil properties.
2) Ratio of undisturbed to vane remolded strengths does 
not indicate sensitivities of the soil.
3) Vane remolded strength is a measure of the residual 
strength.
Pocket Penetrometer Strength
Results of pocket penetrometer tests show very high differences 
(up to 300$) among various pocket penetrometer tests conducted on some 
cores. This indicates that the pocket penetrometer test is highly sus­
ceptible to minor variations in soil properties, such as small s i lt  
lenses or very small quantities of oxidized material which do not have 
any effect on the overall soil strengths.
Comparison of the pocket penetrometer strengths obtained in field  
and laboratory on the same core did not show any consistent trend. This 
comparison therefore could not be used to determine the effects of 
storage on the soil strength.
Standard Penetration Test
Generally shear strength computed from the standard penetration test 
(SPT) was lower than that computed by any other test.
In soft soils (Laplace), the SPT results showed no strength at 
many depths, while other laboratory and fie ld  tests did show some 
strength (Figure 46). This difference indicates the incapability of the 
SPT to measure strength of very soft soils.
Only at Erwinville did the SPT indicate higher strength compared 
to the undrained triax ia l strength (Figure 84). At this site , remolded
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undrained triax ia l strength was significantly higher than the undisturbed 
undrained triax ia l strength. Higher SPT strength, therefore, indicates 
some remolding caused by this test.
Comparison of vane remolded and SPT strengths, from all sites, 
shows that these strengths were very similar. This also indicates sub­
stantial remolding by the standard penetration test.
No significant correlation could be developed between the SPT, the 
undrained tr ia x ia l, the fie ld  vane the pocket penetrometer tests at 
any site.
CHAPTER X III 
CONCLUSIONS
1. Vane shear test results can be replicated with acceptable variations.
2. There Is less scatter of data points of the vane shear tests than 
there are in conventional unconfined and undrained triax ia l tests.
3. The effect of the shape and size of the fie ld  vanes 1n the measured 
shear strength is insignificant.
4. Field vane shear tests yield significantly greater values of shear 
strength than unconfined compression tests, undrained triax ia l 
tests and laboratory vane shear tests. In heav-ly fissured soil 
at Erwinville, the laboratory vane strength was greater than the 
fie ld  vane strength. The laboratory vane strength in this case is 
indicative of the strength of intact clay.
5. Actual volume of soil sheared by fie ld  vane is slightly larger 
than the volume of soil corresponding to vane dimensions. The 
resulting effect on the measured strength, however, is insignifi­
cant.
6. Differences in testing modes of conventional laboratory strength 
tests and vane tests results in larger values for the vane test. 
Effect of testing procedure vary between 10% and 20%.
7. Shear strengths along vertical plane (Sv) are very close to the 
observed shear strength. Horizontal shear strengths (S^) have 
higher values compared to the observed shear strengths. In some 
cases, however, S ,̂ have significantly lower strength. Anisotropy 
of the soil should therefore be determined.
293
294
8. Effect of sample disturbance resulted in loss of strength. Due to 
this effect, conventional laboratory strength test yielded 45% to 58% 
lower strength values. Unconfined compression test conducted on 
block samples yielded 55% higher strength compared to those obtain­
ed from the tests conducted on tube samples.
9. Higher fie ld  vane strength compared to that obtained by the conven­
tional laboratory strength tests are mainly due to difference in 
testing methods and effect of sampling disturbance. The later 
effect, however, is much more significant than the former.
10. Vane test cannot be used to determine the sensitivity of the soil. 
Remolding by the vane produces the cohesive strength of the soil 
and i t  is indicative of its  residual strength only.
11. Statistical correlation of the fie ld  vane, triax ia l and compres­
sive strength produces mathematical models for various types of 
soils. These models can be used to determine the equivalent - 
conventional strength parameters such as triax ia l or unconfined 
strength of soils tested. Considering the variance in soil pro­
perties i t  is concluded that these statistical relationships may 
not apply to other soil formations.
12. Pocket penetrometer test yields unreliable values. This test is 
highly affected by presence of small amount of weaker or stronger 
material which may otherwise have no bearing on the strength of 
the whole core.
13. Pocket penetrometer test results could not be used to determine 
the effects of storage and handling on shear strength.
14. Standard Penetration Test should not be used in soft soils.
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The SPT results in substantial remolding and is not indicative 
of in-situ strength.
15. Field vane test is a simple and accurate method of determining 
the in-situ strength of soils. The fie ld  vane test is well 
suited for soft to medium clays and organic soils.
Following are recommended for further study:
(a) Effect of rate of shearing on measured vane strength.
(b) Study the effect of testing procedure by comparing the 
fie ld  vane and conventional laboratory strength tests on 
prepared homogenous sample. This w ill delineate the effect 
of testing procedures.
Cc) Developing correlations between fie ld  vane and conventional 
laboratory strengths in soils of geological formations 
other than that of South Louisiana.
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Area of cross section of cone tip  
Foundation width
Pocket penetrometer strength (fie ld )
Pocket penetrometer strength (lab) 
shear strength (SPT)
Qu
Undisturbed shear strength (undrained triax ia l test)
Coefficient of variation
Effect of sample disturbance




Torque required to overcome vane end resistance
Torque required to overcome resistance, large vane
Torque required to overcome resistance, modified vane
Torque required to overcome resistance, medium vane
Torque required to overcome resistance, small vane
Torque required to overcome resistance along the vertical 
face of vane
Number of blows/ft. (SPT)
Neuton per meter square 
Pounds per square inch
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Plasticity index 
Plastic lim it 
Probability of type error 
Unconfined compression strength 
Coefficient of correlation
Anisotropy ratio; ratio of horizontal to vertical shear 
strength
In itia l vane remolded strength (laboratory vane)
Second vane remolded strength (laboratory vane)
Field vane remolded strength
Completely remolded strength (laboratory vane)
Remolded strength (undrained triax ia l and unconfined com­
pression tests)
Shear Strength computed from fie ld  vane test 
Sensitivity
Ratio of undisturbed to vane remolded strength (fie ld  
vane)
Ratio of undisturbed to in it ia l vane remolded strength 
(laboratory vane)
Ratio of undisturbed to completely vane remolded strength 
(laboratory vane)
Undrained shear strength
Undisturbed fie ld  vane strength
Undisturbed laboratory vane strength
Shear strength on horizontal plane
Shear strength on vertical plane
Tons per square f t .
Natural moisture content
Taper angle
Predicted unconfined/undrained triax ia l strength 
obtained by correlating unconfined/undrained t r i ­
axial tests with laboratory vane
Appendix B
DevelOpment of Mathmatical Equations
a) General Vane Equation 
I f :
M *  Torque applied at failure
Sy = Vertical shear strength
Sh « Horizontal shear strength
Su = Shear strength
= Torque applied to overcome the resistance 
along the vertical face of the vane
Me * Torque applied to overcome the resistance
along the top and the bottom ends
D = Diameter of the vane
H = Height of the vane
From Figure (5)
b) Correction of Field Vane Strength For Taper Effects 
Dimensions of the vanes used in this study are given in
Table 1. The spring used in the equipment has a stiffness of
2
100 Kg/cm . The caliberation constant for the equipment (k) is 
1.05.
The coefficient "c" had been obtained from the general 
vane equation.
I f  Mg and 1̂  are torques required to shear the soil and 
overcome the fric tio n , and
a(cm) = ~ then
MCkg-cm) = 100 * k* cy (38)
310
From equation (9)
H = jD i (11 ♦ D/3 ). Su m
2
Substituting the dimensions of the small vane and value of 
m from equation (10) in equation (11)
100. K. c = tt x 25 (11 + 5 /,)  StI 
2
or
Su = 100K. cy
t t x 25 (11 + 5/ 3 )
2
Su = C.K. cy (40)
From the figure ( )
My = (irDH) Sy . D
2
0 r  H  .  .  s  < « >
V 2  v
Now, on either top or the bottom end of the cylinder.
dM0 = (rde * dr) * Sh • r
Me -  n  *  r2dr • d • S. ■
00
= 1  • 2ir • S. . r 3
3 h
2Me = Sh (4U )
Now
M = My + 2 M0
M = ttD^H . Sy +  2 x irD3 . Sh
2 12
= jrD^H (Sy + _ D _  . Sh ) (4 2 )
2 3H
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From the assumption of isotropic conditions 
sv = sh = Sufsay
M = ttD2H . SlW?(l +-^) (43)
UT 3H
For most of the vanes, usdd is practice H = 2D
*uf ̂M = 7tD2(2D) . Sl l f ( l  +_D)
6D
M = 7 n3<>
1  s«f
Su f -  i  • -M '4 4 )
7 irD
c = 0.20098 ^ 0.2 for small vane
c for medium vane = 100 = 0.099 ^ 0.1
2
ir X 6 .5
2 (11 + 5 /3)
c for large vane = _____ ]00________ = 0.0504 ^ 0.05
t t x 82(17.2 + 8/ 3 )
2
The above coefficients have been obtained by neglecting the 
taper section of the vane. The nominal dimensions corresponds 
to that shown in Figure (6 )
TAPER EFFECT
= Torque required to shear the vertical 
section
= Torque required to shear the top end 
Mb = Torque required to shear the bottom end
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(45)
Sv ,S h = Vertical and horizontal shear strength 
respectively
Sa = Shear strength acting normal to the taper 
section
Figure (mod-4) shows the plan, the elevation and a 
section of the shear soil
Ms = Sy . ,rDH (D/2)
■  s v  •
dMf = Sh rdrde.r
2ir D/2 9
M. = S, /  I  r drde
x n 0 d/2
2tL_s]i (d3 - d )̂ as d is much smaller than D
3 38 8 therefore dr. can be neglected
8
M. = irD3 . S.
1 ------------ 11 (46)
12
I f  (dA)b equals the small area at bottom (considering the 
taper).
Then (dA)b = rdf de , dMb = S«(rdrd8)
cos® cos«
S« = cos« + Sy Sinoc
If R = Vs11 y
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Then Su = Sy (R cosa + Sin^) -  (16) subst. (16) in (15) 




= S (R + tan ,). /  /  r drde
= 2ir Sy (r + tana ) (48)
i f  total applied torque = M 
M = Ms + Mb + Mt  -
= sv  + -JL- 1)3 Sv (R * ta rt) + ttD3 . Sh
12 12 12
T = Sv I d£  [ 6H + 2R + tan ] + Ttof. . Sh (49)
12 D 12
For small vane, nominal H/D =2. 2
I f  a = 0 (neglecting taper)
R = 1 (Isotropic condition)
then from equation (18)
T1 = Sy. jrDi [13.2 + 2 + 0] = Sy. ttD3 (50) 
12 12
however, for small vane,
« = 40° taiv = 0.8391, R = 1
T“ = V  — 1̂5*2 + °-8391J 
12
T1
f  = 15.2 = 0.9476
2 16.0391
Error = 1 - 0.9476 = 0.0526 5.261%
Thus i t  can be seen that error involved in neglecting the 
taper for the small vane and for isotropic soil conditions is 
5.26%.
For medium and large vanes angle « is much smaller than 40°, 
therefore the error involved due to neglecting the taper w ill be 
less than 5.26%
Taper Effect for Arris tropic Soil Conditions 
I f  R = 4
For oc = o
For small vane
t 4 = Sv x ttD3 [13.2 + 8 + 0] = Sy x ttD3 x  21.2 
12 12
For R = 4 (small vane)
T4 = Sy x ttd£  [13.2 + 8 + 0.8913] = Sy x D3 x 22.09 
12 12 
% Error = 100 (1 - T4) = 100 (1 - 0.9597) = 4.03%
" V
Small Modified Vane
Nominal H/D = 1/2.452 = 0.401 
cc = 40 tan 40° = 0.8391
For R = 1, neglecting taper
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T -  S X irD3 £4.406 + 0.84J = 5.246 X irD3OC Y
12 12




I f  R = 4
Then for « = 0
T4a = Sv - j D i  (10.406 + 0.89) = 11.246 x Sy X ttD3 
12 12
% Error = 100 (1 - T4) = 7.51%
TOC
Nominal Vs. Average Dimensions
a. Small vane: From Table (1)
H/D) = 2.2 H/D) av = 2.377
D) = 5 cm H)nom = 11 cm
D). = 4.96 „ H)AV = 11.79 cm
c.
c = constant depending on the vane dimensions
c nom: = 0.2
Cav '  M
ffDac Ĥav + °ac/3^
2
= 0.193
% Error = 100 (1 -  0.193) = 3.5%
0.2
Thus, by using the average dimension 3.5% of the 5% error 
involved in neglecting the taper is rectified . The observed vane
317
shear strengths were therefore modified by using the average dimen­
sions inplace of the nominal dimensions.
For medium and large vanes, the error involved in neglecting 
the taper was very small. The change in strength values ob­
tained by using the average dimensions inplace of the nominal 
dimensions was also very small. For these vanes, therefore, the 
observed strengths were not modified.
Modified Vane
D)nom = 6.23 cm H)nom = 2.54 cm
D)ac = 6.23 cm H)av = 3.572 cm
C)nan « — 100 .  6QQ
irDJnotn (H)nan + D)nom/3  ̂ x g 2J2 ^  62 + g 23j
2
= 0.357
C)av = _________ 600 ______   a 0.292
it x 6.232 (10.716 + 6.23)
% Error = 100 (1 - 0.292) =18%
0.357
The percentage error involved in neglecting the taper was 
about 17%. This error is completely corrected by using the average
dimensions inplace of the nominal dimensions. The average dimen­
sions were therefore used for the modified vane.
c) Effect of Actual Sheared Area on Observed Strength 
T = Torque applied to the vane
Msi = Torque required to overcome the vertical
shear (S) for the vane dimension
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Ms2  = Torcl ue  required to overcome the vertical 
shear beyond the vane dimension
Mei = Torque required to overcome the end resis­
tance, vene dimenston only
Me2 = Tor<lue esquired to overcome the end 
resistance beyond the vane dimensions
From equations 41 and 4ia
Msl = jo£ h Sv
2
Mei -  sh 
6
Assuming that both the Sy and Sh are zero at the periphery 
and that from the vane diameter to the periphery, the distribution 
of the strength is linear.
ms2 = !y  . u (H* - H) (D1 - D)2
2 2 2
= t t . Sy (H‘ - H) (D|2 + D2 - 2DD1)
T “  2
dMe2 = (r 'd r‘d 0)(r72)
2
m« -  c 2ir r 1 o
2 " fh 0J /  L _  <*r‘ de
Me2 = \ x .  2tt X 1 / 3  C r ‘ 3  -  r3) 
2
resisting moment for both ends
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Me2 = ttS^ (p i3 „ D3)
12
T =*' ■ irt)£ H.Sy + jof. Sh + (H' -  H)(D*2 + D2 -  2DD1)
2 6 4 2
+ ^ ( D t 3 - D 3)
12
Assuming Isotropic condition S = = S.
For the laboratory vane H = D = 0.5 in.
T1 = . V  0 2  x 0.5 x 0.25 + 4 x 0.125 + 3(H' - 0.5)
24
(D,2 + 0.25 - D')
= ' •'ir,S1 (1.5 = 0.50 = 3H'D12 + 0.75 H1 - 3H'D' - 
24
1.5D12 - 0.38 - 1.5D')
= l l f i  (1-375 + 3(H'D'2 + 0.25 H' - H'D' - 0.5D'2 + 
24
0.5D1) + 2D'3)
I f ,  the sheared zone beyond the vane dimensions is neglected,
then,
T = . S (H + D/3)
2
= Q.25tt x S (2 /3)
2
% Change in strength = .S S-j x 10Q
S
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% Change = 100 0  - .................... 2  _)
1.375 + 5D' 3 -  4.5 D' 2 + 2.25'D










The horizontal (Sh) and the vertical (Sy) shear strengths 
can be determined using the following procedure:
Equation 42 is written as:
T = uD2 (H.SW + D S .)  v — n
2 3
or = iro ix Sv(3H/d + R) - (51)
6
when R =
From equation (51 ) i t  can be seen that Sy and Sh can be 
determined i f  vanes of different (H/D) ratios are used.
Following is the development of equations to determine the 
ratio R and Sy.
a) Modified and small vane;
Ms -*■ Torque applied to small 1 vane
i
Mmod ■* Torque applied to modified vane








dividing (3) by (4) we have
A = d ^us . /3.He/D_ + Rj  v s s_______
° m*  3 W U d *  R
using the average dimensions,
A = (4.96)3 x j-3 x 2.377 + Rj
6.23 3 x 0.57 + R
A = 0.504 [ 7‘ 13-----R3 
1.71 + R
A/0.504 [1.71 + R] = 7.131 + R 
R£A/0.504 -  1] = 7.13 - 3.39 A
b) Large and modified vane;
A = Mlarge 
%od
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from equations (52) and (53) wfe have
A = D. 3 3 xBed . ( 'W Vd + R )
n 3“ 1.71 + R
mod
= ^ 6 . 4 8 ) 3  . ( 3  -X 2 . i l  +  R)
6.23 1.71 + R
A/1.125 (1.71 + R) = 6.33 + R
R [A/1.125 - 1 ]  = 6.33 -  1.52A - (55)
c) Large and modified vane;
A = M1arge 
\o d
from equations (22) and (23)
A = D. 3 3 x H. /D. + R
■ - i - y  ’ (-------- L t -------)
“mod 1-71 + R
A/2 (1.71 + R) = 6.96 + R
R [A/2 - 1J = 6.96 -  0.855 A - (56)
Computation of Sy
Small vane
Ms = irD3  ̂ (3 H/D + R) . Sy
6
M_ (inb) = 3.894 . (7.131 + R) . Sw
V
Sv (ts f) = Ms x 0.072
7.131 + R 3.894
= 1.85 x 10~2 . Ws
7.131 + R
Medium vane
3(in -ib ) = -rrD. . .
__med_ C3 (h/ d ) ^  + r) Sy
= 8.70 (6.33 + R) Sy
Sy (ts) = 0.072 . Mmed ’ (tn-Tb)
8.70 6.33 + R
= 0.072 . \ e d  * 1b)
8.70 6.33 + R
= 0.83 x 10“2
6.33 + R
Large Vane
Ml (in -lb) = ttD ^  6̂>g6 + Rj 
6
= 15.54 (6.96 + R) Sy
Sy (ts f) = 0.072 . \  (m -lb )
15.54 6.96 + R




Following statistical analyses were conducted;
1. F - test
a) To compare following results, from the same depth,
( i )  Conventional laboratory strengths 
(11) Laboratory vane strength
(H i)  Field vane (same size vane)
324
2. t  -s test
This test was specifteal ly done to the Vane remolded -  
1st, and the vane remolded «* 2nd strength obtained from 
the laboratory vane test,
f )  Coefficient of 1/ariatton
Degrees of variations of fie ld  vane, undrained triax ia l and 
unconfined compression tests were determined by comparing the coef­
fic ient of variation of these tests.
Coefficient of variation is computed by dividing standard 
deviation of a test by the mean of the same test. The standard 
deviation alone could not be taken as a good statistics for com­
parison of the variations. The standard deviation w ill always 
have a lower value for the test which has lower strength, 
c .v  J _  x 1Q0
X
where c.v. = coefficient of variation









S-l B-2 S-l ,B-3,
B-4*




LL PL LL PL LL PL LL PL
0 - 3 — 5458*
24
25* — — — —
3 -6 — — 49 22 55 22 — . —
6 - 9 — — 50 22 37* 18* — —
9-12 - - — 44 20 — — — —
12-15 54 22
15-18 44 21 4044*
20
22*
— — — —
18-21 37 17 46 21 35 24 — —
21-24 — — — — 33 24 35 23
24-27 35 24 32 24 — — 36 26
27-30 54 22 — — 49* 20* 50* 24*
30-33 — -- — — 39* 22* — —
33-36 49 23 67 21









B-2 B-3 B-6 B-7 B-8
UU r2 UU r2 UU r2 UU r2 UU r2
0 -3 15.5 17.1
3 -6
6 -9 10.62 4.97 8.18
9-12 6.53 7.04
12-15 — — 13.24 — 17.18 9.80 9.17
15-16 6.65 8.09 4.68
16-21 4.65 10.06 6.08 — — 9.21 —
21-24 6.10
24-27
27-30 8.36 4.04 — — 6.32
30-33 — — 8.43 5.07 7.66 — 6.14 — 6.55 —
33-36 9.89
36-3? 9.92 3.53 — — 6.47 — 4.12
39-42 10.84 — 10.61
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0 -3 0.925 0.225
3 -6 0.588 0.125 0.275 0.063
6 -9
9-12 0.60 0.138 0.200 0.063 1.025 0.200 0.600 0.225
12-15 0.90 0.225 0.600 0.263
15-16 0.238 0.075 0.238 0.125 0.51 0.125 0.338 0.05
18-21 0.088 0.013 — — 0.475 0.675 0.175 0.025
21-24 —
24-27 0.163 0.05 0.188 0.038 —  . — —
27-30 0.380 0.125 0.150 0.038 0.325 0.190 0.325 0.100
























0 -3 — — — — 0.188 0.165 0.160 0.100
3-6 0.325 0.125 0.36 0.125
6 -9 0.338 0.050 0.275 0.05 0.345 0.038 0.205 0.018
9-12 0.350 0.130 0.420 0.155 0.200 0.050 0.225 0.070
12-15 0.350 0.100 0.375 0.125 0.66 0.100 . — —  .
is—ie 0.620 0.100 0.350 0.125 0.469 0.110 0.315 0.175
18-21 0.275 0.130 0.290 0.180 0.513 0.200 0.425 0.138
0
21-24
24-27' 0.203 0.018 0.175 0.038
27-30 0.335 0.230 0.225 0.075 0.270 0.064 0.220 0.103
30-33 0.274 0.090 0.220 0.075 0.315 0.065 0.140 0.050
33-36 0.375 0.143 0.325 0.088 0.810 0.205 0.425 0.175
36-39 0.125 0.030 — — 0.240 0.025 0.250 0.025
39-42 0.388 0.125 0.163 0.063 0.388 0.138 0.240 0.075
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% t s f
B-2 B-3 B-7 B-8
0 -3 1.53 — 0.44
3 -6 — 1.05 1.30 —
6 -9 — — 0.98 1.14
9-12 0.935 1.40 0.86 0.35
12-15 — 1.19 0.58 1.06
15-18 0.575 0.87 0.86 0.65
18-21 0.51 0.685 0.50 0.90
21-24 - - — — --
24-27 0.64 — 1.13 —
27-30 0.71 0.70 0.71 0.71
30-33 — 0.75 Q.79 0.635
33-36 — — 0.865 1.12
36-39 1.06 — 0.54 0.56
39-42 — . — 1.77 0.65
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B-■5 B-■2 S-l B-l B-■6 S-l B-7
ft.
S R S R s R S R S R
Uf I f Uf I f uf I f Uf I f Uf I f
0 -3 1.02 0.683 0.82 0.390 0.88 0.53 0.82 0.587 0.958 0.51
3 -6 0.98 0.174 0.93 0.45 0.88 0.375 1.02 0.597 0.871 0.389
6 -9 0.83 0.526 0.99 0.42 0.95 0.332 0.96 0.28 1.165 0.409
9-12 0.98 0.40 0.81 0.32 0.86 0.487 0.89 0.444 0.955 0.444
12-15 0.78 0.373 0.88 0.25 0.62 0.462 0.95 0.359 1.04 0.366
15-16 0.85 0.182 0.90 0.085 0.72 0.27 0.93 0.264 0.770 0.155
16-21 0.76 0.329 0.72 0.235 0.50 0.150 0.78 0.346 0.975 0.187
21-24 0.79 0.40 0.93 0.385 0.80 0.282 0.71 0.384 0.495 0.086
24-27 1.18 0.137 0.67 0.32 0.50 0.212 0.88 0.273 0.655 0.165
27-30 0.74 0.311 0.70 0.32 0.60 0.312 0.74 0.349 0.782 0.404
30-33 0.63 0.559 0.75 0.385 0.78 0.337 0.78 0.516 0.615 0.103
33-36 0.91 0.546 0.80 0.45 0.85 0.362 0.92 0.571 0.649 0.102
36-39 1.00 0.649 0.72 0.39 0.81 0.375 1.08 0.744 0.513 0.068
39-42 0.82 0.491 0.74 — 0.78 0.350 1.22 0.409 — —  -
Suf *  ^disturbed R̂ P vane remolded strength
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S-4 B-4 S-l B-3 B-8 S-l,B -l
SuSu Ri SU Ri Su R1
0 - 3 0.684 0.94 — — 0.80 0.50
3 -6 1.161 1.161 — 0.276 0.775 0.412 0.831 0.317 0.82
6 - 9 0.975 0.995 0.65 0.31 0.795 0.382 0.672 0.263 —
9-12 1.221 0.744 0.69 0.322 0.772
12-15 0.545 0.794 0.55 0.275
— — 0.964 0.271 0.06
15-16 0.545 0.645 0.68 0.20 0.675 0.096 0.702 0.082 0.239
16-21 0.585 0.448 0.723 0.346 0.614 0.191 0.737 0.246 0.635
21-24 0.764 0.448 0.82 0.35 0.88 0.266 0.506 0-139 0.520
24-27 0.595 0.545 0.675 0.332 0.73 0.333 0.896 0.357 0.456
27-30 0.634 0.545 0.740 0.23 0.81 0.391 0.584 0.152 0.646
30-33 0.820 0.62 0.88 0-29 0.905 — 0.64^ 0.317 0.665
33-36 0.882 0.695 0.88 0.35 0.83 0.30 0.82^ 0.300 0.818
36-39 0.99 0.94 0.82 0.37i 0. 76j 0.366 0.6442 0.239 0.761
39-42 0.87 0.796 0.81 0.38 0.810 — 0.662 0.266 —
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LABORATORY VANE (ts f)
VANE REMOLDED-1 VANE REMOLDED-3 
Ri R*
0 -3 0.54 0.16 0.12
3 -6 0.36 0.26 0.12
6 -9 0.34 0.04 0.06
9-12 0.38 0.12 0.12
12-15 0.32 0.14 0.19
15-16 0.15 0.10 0.12
16-21 0.24 0.10 0.11
21-24 0.31 - -
24-27 0.28 0.03 0.04
27-30 0.29 0.13 0.10
30-33 0.38 0.08 0.06
33-36 0.34 0.13 0.15
36-39 0.45 0.04 0.08
39-42 0.34 0.14 0.09
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B-2 B-3 B-4 B-5 B-6 B-7 B-8 B-9
0 -3 1.50 1.50 1.50 1.50 0.90 1.40 1.50 1.50
3 -6 0.90 0.90 0.90 1.50 1.50 1.30 1.30 1.50
6 -9 0.90 1.25 0.90 0.90 0.70 0.70 0.90 0.90
9-12 0.90 1.50 1.00 0.90 0.90 0.90 0.90 0.90
12-15 1.50 1.00 1.00 1.00 1.50 0.90 0.90 1.10
15-18 0.70 0.40 0.90 0.90 0.70 0.75 0.90 0.70
18-21 0.70 0.90 0.90 — 0.60 0.80 0.75 0.60
21-24 — — 0.40
24-27 0.40 0.60 — — 0.90 — 0.70
27-30 0.70 0.90 0.80 0.80 0.90 0.60 0.90 0.60
30-33 0.90 0.90 0.80 0.90 0.90 0.90 0.90 0.90
33-36 0.90 0.90 0.60 0.80 0.90 0.75 0.90
36-39 0.60 0.70 — 0.80 0.60 0.80 0.90







LIQUID LIMIT (LL) PLASTIC LIMIT (PL)
B-3 B - k B-3 B-1+
0 -3 - - - -
3 -6 96 95 31 2 k
6 -9 - - - -
9-12 - 50 - 18
12-15 53 1+2 25 20
15-16 37 52 18 21
16-21 77 -  . 26 -
21-24 65 55 23 2L
24-27 50 - 22 -
27-30 6l - 22 -
30-33 37 - 20 -
33-36 - - - -




UNCONFINED COMPRESSION TRIAXIAL 









0 -3 - -
3 -6 - L .81 6.31
6 -9 - - 2.15
9-12 - - 10.07
12-15 1 0 . lL 11.08 5.39 5.8
15-16 8.55 7.7 11.58 6 .0
S8-2I 8.99 9.19 6.09 3.U3
21-24 8.77 8.67 6 .26 10.57
24-27 1 M 6.00 6 .26 -
27-30 7.81 7.83 - -
30-33 - 6.07 - -
33-36 - 5-31 - 3.65
36-39 - 6.08 - -
39-42 - L.09 - 6.89
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( t s f )
Ri r 2 R3 ( t s f )
B-2 B-3 B-2 B-3 B-2 B-3 B-2 B-3
0 -3
3 -6 0.187 0.03 0.150 0.037
6 -9
9-12
12-15 0.137 - 0.125 - 0.165 - 0.05 -■
15-18 - 0.325 - 0 .0  6 - 0.280 - 0.105
18-21 0.283 0 . 1*62 0.158 0.15 0.300 0.525 0.130 0.270
21-24 0.205 0.160 0.137 0.112 0.1*5 0.1*25 O.lLO 0.225
24-27 0.225 0.275 0.038 0.082 0 .21 0.225 0.05 0.078
27-30 0.300 0.437 0.001 0.112 0.200 0.225 0.062 0.095
30-33 - 0.200 - 0.125 - 0.180 - 0.075









POCKET PENETROMETER STRENGHTS (tsf)
B-2 B-3
0 -3 - -
3 -6 0.25 -
6 -9 - -
9-12 - -
12-15 0.70 -















. . SITE OHE SITE TWO










0 -3 0 . 1*11 0.108 0.396 0.07 0.582 0.600 0.75
3 -6 0.360 0.07 0.700 0 .08 0.381* 0.520 0.682
6 -9 0 . 1*60 0.05 0.700 0 .10 0.212 0.398 0.596
9-12 0.680 0.12 0.320 0.12 0.595 0.633 0.790
12-15 0.620 0.23 0.300 0.09 0.381* 0.615 0.820
15-18 0.610 0.15 0.620 0.22 O.56O 0.381* 0.785
18-21 0.780 0 .28 0.920 0.31 O.56O 0.595 0.820
21-24 0.570 0.16 0.520 0 .16 0.302 0.269 0.376
24-27 0.1*90 0.18 0 .L80 0.17 0 .3U6 0.222 0 . 1*78
27-30 0.610 0.23 0 . 5U0 0.20 0.363 0.173 0 . 1*10
30-33 0.550 0.20 0.570 0.18 0.1*05 0.560 0.596
33-36 0.590 O.lU 0.590 0.19 0.361* 0.615 0.820
36-39 0.610 0.20 0.650 0.28 0.502 0.561* 0.635
39-42 0.780 0.30 0.880 0.36 - - -
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POCKET PENETROMETER STRENGTH (ts f)
BORE HOLE 2 BORE HOLE 3 BORE HOLE 4
0 -3 0 . 1* - -
3 -6 0 . 1* 0 .6 0 .6
6 -9 - o.U 0 .6
9-12 1 .2 0.9 0.9
12-13 0.9 0 .6 0.7
15-16 0 .6 0.9 0.9
16-21 0.9 0.9 0 .6
21-24 0.9 0.9 0 .9
24-27 0 .8 0.7 0.72
27-30 0 .8 0.9 -
30-33 0 .6 0 .6 -
33-36 0.75 0.7 -
36-39 0.85 0.9 -
39-42 - 0.7 -
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S-2 B-6 S-2 B-5 S-2 B-4 S-2 B-2
LL PL LL PL LL PL LL PL
0 - 3 - - - - - - - -
3 - 6 - - - - - - - -
6 - 9 - - - - - - - -
9-12
_ _ _ - _ _ _ _
12-19 - - - - - - - -
(5-18 - - — - - - 42 31
18-21 82 30 - - 71 31 86 31
21-24 - - 69 24 - - - -
24-27 80 28 70 24 55 21 66 23
2 7 -3 0 56 25 - - - - 41 20
3 0 -3 3 - - - - - - 73 25
33-36 66 23 - - 62 24 60 24
36 -39 66 25 58 23 62 4 24 58*54
23*
22











S - l ,  B-6
f" “ ........ ..
S - l ,  B-3 S - l ,  B-2 S - l ,  Brl
LL PL LL PL LL PL LL PL
0 - 3 — — — — — — — —
3 - 6 49 23 — — 56 28 56 27
6 - 9 62 —
9-12
12-15 — — 51 40 — — 45 35
15-18 72 47 91 33 — — 54 36
18-21 86 35 — — 53 24 46 18
21-24 — — 68 47 76 28 68 23
24-27 47 20 63 24 78 27 58 23
27-30 79 25 53 20 61 27 67 25
30-33 53 20 71 27 64 26 — —
3 3 -3 6 56 21 60 25 58 21 48 19
3 6 -3 9 55 20 — — 62 29 — —
39-42 57 20 — — 54 22 39 20
342
APPENDIX E-70 




TRIAXIAL quu (PSI) UNCONFINED qu (PSI)




NO SAMPLE; OBTAI NED
9-12
12-13
15-16 1.58 3.16 2.58 5.70 2.18 4.48 1.71 -
18-21 3.81 1.42 2.08 2.71 1.23 1.79 . - 0.63
21-24 2.62 2.51 2.41 2.26 3.42 - - 1.20 -
24-27 2.90 2.77 2.08 3.32 3.66 2.06 2.16 1.60 0.72
27-30 - 3.13 3.83 3.43 3.22 2.52 - - 1.51
30-33 3.46 3.28 4.59 5.86 - 2.62 - - -
33-36 3.54 3.61 3.82 3.49 - 2.66 3.41 2.49 2.29
36-39 3.70 - 3.76 - 4.08 - 3.22 2.29 0.51









Su Ri r2 «3 Su Ri "2 *4
0 - 3 —
3 -6
6 - 9 — — —
9-12 — — -- — — --- —
12-15
15-16 0.100 0.023 0.090 0.023 0.200 0.075 -- —
16-21 — — — — 0.123 0.015 0.100 0v020
21-24 0.090 0.025 — — 0.128 0.023 0.115 0.013
24-27 0.088 0.01C 0.050 0.015 0.123 0.037 — —
27-30 0.117 0.012 0.060 0.012 0.100 0.010 0.060 0.010
30-33 0.172 0.064 0.075 0.022 0.125 0.023 — —
33-36 0.139 0.03C 0.074 0.015 0.120 0.027 0.125 0.025
36-39 0.220 0.05C 0.080 0.015
39-42 0.157 0.026 0.088 0.013 0.160 0.058 — . —









Su Ri r 2 Su Ri "a R3
0 -3




15-18 0.213 0.051 0.150 0.030
18-21 0.098 0.024 0.097 0.019
M£M 0.070 0.032 0.060 0.010
24-27 0.145 0.043 0.073 0.020 0.113 0.025 — —
27-30 0.107 0.028 0.093 0.022 0.094 0.025 — —
30-33 0.141 0.034 0.115 0.017 0.100 0.025 0.083 0.025
33-36 0.150 0.035 0.106 0.019 0.150 0.022 0.108 0.025
36-39 0.120 0.055 0.075 0.010 — — — —
39-42 0.156 0.063 0.045 0.017 — — — —
Su -*■ undisturbed; R-j •+ vane remolded-lst; Rg -»• completely remolded 
Rj -* vane remolded-2nd
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PP (LAB) PP (LAB) PP (LAB) PP (LAB) 
... (ts f) (ts f) (ts f) (ts f)
B-2 B-3 B-5 B-6
0 -3 — — — —
3 -6 — — — —
6 -9 — — — —
9-12 — — — —
12-15 — — — —
15-16 — 0.280 0.125 0.210
16-21 — 0.500 — 0.250
21-24 — 0.120 0.50 0.360
24-27 0.180 0.100 0.050 0.130
27-30 0.470 0.160 0.130 0.060
30-33 0.190 0.330 0.200 0.210
33-36 0.410 0.170 0.130 0.170
36-39 0.250 — 0.250 —








LARGE VANE MEDIUM VANE MODI­
FIED
VANE
B-l B-2 B-3 B-4 B-5 B-6 B-7
0 -3 0.332 — — —- — 0.08
3 -6 0.087 0.305 0.275 0.31 0.275 0.15
6 -9 0.202 0.250 — 0.16 0.21 0.122
9-12 0.265 0.145 — 0.165 0.20 0.197
12-15 0.220 0.175 0.190 0.240 0.24 0.25 0.296
15-16 0.163 0.170 0.210 0.175 0.225 0.225 0.247
18-21 0.212 0.175 0.320 0.426 — 0.300 0.296
21-24 0.171 0.162 0.190 0.70 0.26 0.225 0.271
24-27 0.168 0.175 0.200 0.244 0.245 0.251 0.243
27-30 0.202 0.200 0.220 0.400 0.500 0.440 0.197
30-33 0.180 0.250 0.325 0.350 0.310 0.200
33-36 0.185 0.260 0.275 0.275 0.260 0.247
36-39 0.190 0.250 0.260 0.260 0.280 0.246
39-42 0.220 0.270 0.280 0.280 0.310 0.296
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LARGE VANE MEDIUM VANE
B-2 B-3 B-4 B-5 B-6
0 -3 0.052 0.038 0.133 0.085
3 -6 0.087 0.154 0.053 0.052
6 -9 0.041 0.085 0.034 0.034
9-12 0.082 0.067 0.069 0.067
12-13 0.035 0.062 0.034 0.069 0.063
15-18 0.068 0.075 0.085 — 0.085
18-21 0.052 0.115 0.100 0.136 0.082
21-24 0.052 0.068 0.062 0.069 0.067
24-27 0.068 0.065 0.135 0.171 0.171
27-30 0.039 0.065 0.052 0.053 0.072
30-33 0.046 0.056 0.085 0.108 0.095
33-36 0.058 0.063 0.085 0.136 0.105
36-39 0.085 0.062 0.155 0.180 0.078













0 -3 0.077 - -
3 -6 0.064 _
6 -9 0.049 - -
9-12 0.068 - -
12-15 0.064 - -
15-16 0.078 0.05 0.03
16-21 0.097 0.02 0.02
21-24 0.063 0.03 0.02
24-27 0.066 0.03 0.02
27-30 0.056 0.02 0.01
30-33 0.086 0.02 0.02
33-36 0.089 0.03 0.02
36-39 0.095 0.05 0.01









Qu ts f Su = 1/2 qu tsf
0 -3 4 0.500 0.250
3 -6 1 0.125 0.063
6 -9 7 0.875 0.438
9-12 0 0 0
12-15 0 0 0
15-10 0 0 0
18-21 3 0.375 0.183
21-24 0 0 0
24-27 0 0 0
27-30 1 0.125 0.063
30-33 1 0.125 0.063
33-36 2 0.250 0.125
36-39 0 0 0










a tsf Mu Su = qu tsf
0 -3 3 0.375 0.188
3 -6 1 0.125 0.063
6 -9 0 0 0
9-12 1 0.125 0.063
12-15 0 0 0
15-16 0 0 0
16-21 0 0 0
21-24 0 0 0
24-27 0 0 0
27-30 0 0 0
30-33 0 0 0
33-36 0 0 0
36-39 0 0 0




POCKET PENETROMETER (FIELD) 
STRENGTHS 
C (ts f) 
(LAPLACE)
DEPTH
ft. S-2 S-2 S-2 S-2 S-2 S-2 S-l S-l S-l S-l






15-16 0.20 0.40 0.40 0.10 0.20 0.06 0.10 -
16-21 0.10 0.10 0.20 0.25 0.20 - - 0.25
21-24 0.20 0.20 0.10 0.10 - 0.10 0.10 - 0.10 0.10
24-27 0.20 0.20 0.20 0.20 0.10 0.10 0.10 0.10
27-30 0.25 0.20 0.20
1
0.10 0.10 0.10 0.10 0.10
30-33 0.20 0.20 0.10 0.20
V
0.20 0.10 0.10 0.20
33-36 0.20 0.20 0.20 0.25 0.20 - 0.10 0.10 0.25 0.20
36-39 0.10 0.25 0.20 0.25 0.10 0.20 0.20 0.20 0.20 0.40








S-8 B-22 S-8 B-23 S-8 B-24 S-9 B-25 S-9 B-26
LL PL LL PL LL PL LL PL LL PL
0 -3 - - - - - - - - - -
3 -6 - - - - - - - - - -
6 -9 - - - - - - - - - -
9-12 - - - - - - - - - -
12-15 - - - - - - - - - -
15-16 — - - - - — _ _
18-21 - - - - - - - - - -
21-24 - - - - 68 28 - - - -
24-27 67 26 68 23 - - - - 65 23
27-30 66 27 72 23 67 22 67 26 66 24
30-33
78 26 64 22 72 24 81 27 77 28
33-36 85 27 81 28 - - 76 26 85 28
36-39 82 30 81 28 75 27 8Z 29
.̂.......
80 27






S-7 B-17 S-7 B-18 S-8 B-20 S-8 B-21
LL PL LL PL LL PL LL PL
0 -3 - -  - - - - - - -
3 -6 - - - - - - - -■
6 -9 - - - - - - - -
9-12 - - - - - - - -
12-15 - - - - - - - -
15-16 - - - - - - -
18-21 - - - - - - - -
21-24 - - - - - - - -
24-27 63 21 57 23 - - - -
27-30 71 23 67 26 67 24 - -
30-33 68 24 72 24 79 25 78 28
33-36 85 25 74 26 84 24 81 28
36-39 83 28 80 36 80 28 79 27







S-7 B-12 S-7 B-14 S-7 B-15 S-7 B-16
LL PL LL PL LL PL LL PL
0 - 3 45 16 49 16 - - - -
3 -6 - - 38 16 - - - -
6 - 9 - - 34 16 - - - -
9-12 - - 56 29 - - - -
12-15 - - 68 26 - - - -
15-16 - - 74 25 - - - -
16-21 68 31 61 24 - - - -
21-24 - - 57 22 - - - -
24-27 _ - - - - - - -
27-30 - - 67 23 62 19 64 23
30-33 - - 76 25 70 23 73 24
33-36 - - 70 25 - - - -
36-39 - - 75 23 81 28 77 28





S-l B-l S-2 B-6 S-2 B-8 S-2 B-7
LL PL LL PL LL PL LL PL
0 -3 49 16 39 16 - - - -
3 -6 40 17 39 15 - - - -
6 -9 57 27 40 17 - - - -
9-12 65 26 69 22 - - 64 23
12-15 47 15 60 18 80 25 63 23
15-16 86 29 - - 79 25 77 23
16-21 56 19 61 20 56 21 56 20
*■CM1Si 57 26 67 26 64 22 79 24
24-27 57 23 81 28 57 20 55 19
27-30 76 28 81 28 83 28 - -
30-33 74 25 52 20 50 18 51 21
33-36 82 19 71 26 38 18 - -
36-39 44 19 46 15 48 17 - -
39-42 67 20 ' 36 15 - - - -
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Site 4 (27-30 f t . )
r .............................. -  ........... ..
Site 5 (30-33 f t . )
Tri axial Unconfi ned Jnconfi Triaxial
9uu(psi) gu (psi) Qu(psi auu (ps1)
0 - 3 24,52 26.16 23.88 7.56* 28.38 23.18 22,48 22.25
3 - 6 25.23 26.48 19.59 21.4 25.35 23.32 31.01 23.96
6 - 9 24.36 24.07 7.74* 27.9 25.66 18.3 23.67 24.20
9-12 28.82 24.5 30.16 28.39 26.97 17.42 22.32 25.41
12-15 25.88 21.67 28.59 7.19* 23.57 24.27 21.86
15-10 21.28 23.74 29.63 25.83 25.22 23.38 29.25
16-21 32.15 25.82 29.24 23,83 26.55 24.3 27.57
21-24 30.73 30.67 30.53 26.96 25.5 24.9
24-27 27.98 26.42 30.78 26.45 18.62 29.17
27-30 24.87 28.63 21.88 26.53 26.23 28.43







39-42 22.84 1 .21*
18.76
20.82 37.25 23.96
*  - Remolded
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B-16 B-21 B-20 B-l B-8 B-l 2 B-l 7 B-l 8 UND. REM.
0 - 3 - - - - - - - - -
3 -6 - - - 25.26 - - - - - -
6 - 9 - - - 20.62 - - - - 18.4 18.2
9-12 - - - 21.97 - 27.3 - - 12.9 12.08
12-15 - - - 21.21
- - - - - -
15-16 - - - 28.10 20.15 - - - - -
16-21 - - - 27.5 - - - - - -
21-24 - - - 27.92 - - ■ - - - -
24-27 - - - 26.06 - 21.4 14.76 - - ■ -
27-30 19.59 - 15.19 14.09 - - - 7.64 - -
30-33 11.80 13.98 - 2.16 9.47 7.38 - - -
33-36 15.58 - - 22.52 - 9.1215.84 14.49 - -
36-39 13.58 - 16.69 12.0 - - 4.09 14.14 - -
39-42 - - - - - - - - - -
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SITE 2 SITE 1 SITE 3
B-6 B-7 B-8 B-l B-2 B-4 B-H B-9
UND REM UND REM UND UND REM UND REM UND REM UND UND REM
0 -3
3 -6 22.8 22.7
6 -9 L5.8 17.1 -
9-12 21.5 16.5 24.2
12-15 23.1 25.5 28.3 25.5 L0.5 8.29 7.75 9.75 L8.4 9.8( ' 9.01 34.i 13.7
15-16 - - - - 23.9 16.f 27.7 - - - - 7.48 6.! -
16-21 16.4 - L9.7 5. C 9.1 - - - - - 13.:
21-24 9.2 - - - L2.5 9.9 13.7 9.8 7.7 15.< - 16.(
24-27 9.e - - - 5.5 11.4 11.4 - - io .: - 7.6 11.4
27-30 8.: - - - L0.7 8.C 8.7 - - 10. ( 5.2 12.6 14.; -
30-33 9. C - 14.2 LI. 7 5.1 4.0 10.8 4.8 - - 10.9 - -
33-36 7 .f - 8.2 - - 11. € 4.3 8.4 2.8 6.5 - 8.8 - -
36-39 19.3 ‘ - 12.0 L2.4 8.9 3.8 - - 4.8 - 7.7 - -














B-14 B-l 2 B-18 B-l 5 
16*
B-22 B-23 B-24 B-21 B-20 B-l 7 B-26 B-25
0 -3
19.5 15.4







21-24 23.8 23.9 -
24-27 - - 21.9 - 24.8 12.8 -  - - t - - 22.5 2.6 -
27-30 23.4 17.9
23.5 
23.0s18.0 20.1 17.4 19.2 23.6 19.8 17.4 20.2
30-33 23.3 9.0 14.9
17.2
22.5’ 16.1 15.2 15.9 18.6 14.7 12.9 12.6 22.8
33-36 20.8 12.6 12.6 15.9’11.5 13.2 12.8 17.1 15.9 12.9 17.4
36-39 18.7 13.0 12.6
13.2
15.4’ 8.5 11.4 8.3 - 14.4 11.2 13.0 7.7
39-42
- 11.8 - - - - - - - - 13.1 -
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LABORATORY VANE STRENGTH 




B-l2, S-7 B -l, S-l B-2, S-l





3 -6 0.36 0.10 0.34 0.11 L. 58 0.78 1.48 0.65 - - - -
6 - 9
9-12 -
12-15 - - - - 0.43 0.18 0.64 0.24 0.50 0.25 1.03 0.23
15-16 0.6 0.2 0.29 0.16 0.67 0.13 0.83 0.18 - - - -
16-21 - - - 0.69 0.33 0.42 0.38 - - - -
21-24 - - - - 0.76 0.55 0.70 0.30 0.95 0.24 ).81 0.28
24-27 1.08 0.23 0.75 0.29 0.95 0.40 0.86 0.33 L. 23 0.37 ). 86 0.24
27-30 0.38 0.21 0.15 0.20
30-33 - - - - 0.33 0.10 0.15 0.03 0.50 0.19 0.38 0.09
33-36 • - - - - 0.40 0.19 ). 23 0.10
3 6 -3 9 0.91 0.06 L.10 0.18
CM<ri3 - - - - . 0.23 0.05 0.2130.15 0.93 0.39 0.96 0.20
U-undisturbed
R-j- vane remolded 1st
Rg- completely remolded
Rg- vane remolded 2nd
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S -l, B-4 S-45$ Block S-2, B-7
u Ri r2 R3 U Ri R2 «3 U Ri r2 R3
0 - 3 - - - - - - - - 0.23 0.06 0.03 0.15
3 -6 - - - - - - - - 1.14 0.40 1.08 0.33






24-27 1.16 0.34 - - - - - - 0.24 0.08 0 .19 0.05






<0 i $ -
U - undisturbed
R-j- vane remolded 1st
R2 - completely remolded
R3 - vane remolded 2nd.
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LABORATORY VANE STRENGTH 




CSI1CO B-6 B-3, S -l2 (8)
U Ri r2 *3 U Ri R2 R3
0 -3 0.98 0.30 0.85 0.20 - - -  ' -
3 -6 0.61 0.13 1.35 0.40 - - - -
6 -9 0.42 0.24 0.40 0.08
- - - -
9-12 1.55 0.18 1.52 0.23 - - - -
12-15 0.73 0.32 1.23 0.24. - - - -
15-18 1.05 0.19 0.75 0.15 — — - -
18-21 0.66 0.15 0.53 0.10 - - - -
21-24 - - - - 1.06 0.21 1.00 0.24
24-27 - - - - 0.96 0.18 0.67 0.14
27-30 - - - - 0.93 0.20 - -
30-33 - - - - 0.74 0.16 - -
33-36 - - - - 0.51 0.15 - -
36-39 0.68 0.14 0.78 0.28 - - - -
39-42 0.56 0.10 0.65 0.06 0.57 0.13 0.38 0.08
U - undisturbed
R-j- vane remolded 1st
Rg - completely remolded

























0 -3 - - - 2.03 - -
- 1.04
3 -6 0.46 2.50 - 2.56 - - - 2.22
6 -9 - - - 1.4?
- - - -
9-12 - - - 2.13
- - - —
12-15 - 1.08 1.39 2.05
- - - -




- - - -
21-24 - 1.50 1.60
- 1.93 - -
24-27 1.50 1.32 1.79 - 1.53 1.61 - 1.01
27-30 1.22 — 1.29 1.27 1.69 -
30-33 - 0.50 1.00
- 0.92 0.88 1.20
-
33-36 - - 0.60 1.72 0.78
- -
36-39 - - 1.60 1.34 - - - -
39-42 - 0.50 3.32 1.16 1.32 - - -
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SITE 7 SITE 8 Site. 8.02} SITE 10(2) SITE 10-1 SITE 7A
U R U R U R U R U R U R
0 -3 1.05 0.94






21-24 1.85 0.92 1.80 0.60 - - - - - - 1.96 0.82
24-27 1.80 0.68 1.53 0.53
_ - - -
1.89 0.70 1.44 0.60
27-30 1.55 0.75 1.12 0.40 0.89 0.24 1.51 0.26 1.65 0.51 1.11 0.82
30-33 1.35 1.00 0.95 0.44 0.92 0.24 1.08 0.33 0.79 0.06 0.76 0.16
33-36 1.05 0.95 0.94 0.30 0.81 0.30 0.42 0.18 0.58 0.16 1.06 0.37











SITE 8 SITE 8 (12) SITE 9
UNDIST. REM. UNDIST. REM. UNDIST. REM.
0 -3 - - - - - -
3 -6 - - - - - -
6 -9 - - - - -
-
9-12 - - -  . - - -
12-15 - - - - - -
15-18 - - - - - -
18-21 - - - - - -
21-24 - - - - - -
24-27 - - - - - *•
27-30 0.958 0.344 1.007 0.239 - -
30-33 0.859 0.307 -
- - -
3 3 - 3 6 0.874 0.183 0.819 0.184
- -
3 6 - 3 9 - - - - 0.628 0.098








Rl ( ts f )
LABORATI3RY VANE








0 -3 - - 0.30 0.20
-
3 -6 - -
0.40 0.33
- -•
6 -9 - - 0.78 0.65




15-18 - - 0.17 0.16 0.20 0.17
18-21 - - 0.24 0.24 - -
21-24 - - 0.49 0.31 0.23 0.26
24-27 0.53 0.59 0.40 0.33 0.27 0.21
27-30 0.20 0.31 0.32 o .u 0.27 0.14
30-33
n n ft.U 0.09 . 0.09 0.20 0.12
33-36 0.21 0.27 0.18 0.05 0.21 0.11
36-39 0.26 0.23 0.14 0.28 0.15 0.11
39-42 - - 0.10 0.15* 0.19 0.14
* Vane Remolded 1st
**Vane Remolded 2nd
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APPENDIX F - 95
SUMMARY FOR SPT 
(LAKE CHARLES)
Depth










0 * 3 5 0.625 9 1.143 6 0.750 8 1.000 -■ -
3 -6 5 0.625 10 1.286 7 0.875 13 1.713 - -
6 -9 5 0.625 13 1.713 14 1.855 14 1.855 - -







5 0.625 11 1.428 11 1.428
15-18 12 1.571 - - 7 0.875 13 1.713 10 1.286
18-21 12 1.571 11 1.428 6 0.750 13 1.713 11 1.428
21-24 13 1.713 11 1.428 7 0.875 13 1.713 8 1.000
24-27 19 2.432 19 2.432 4 0.500 12 1.571 6 1.750
27-30 7 0.875 5 0.625 4 0.500 5 0.625 6 1.750
30-33 8 1.000 5 0.625 2 0.250 4 0.500 4 1.500
33-36 7 0.875 2 0.250 1 0.125 4 0.500 3 1.375
36-39 5 0.625 4 0.500 1 0.125 1,2 1.571 4 0.500
39-42 3 0.375 6 0.750 1 0.125 20 2.565 4 0.500
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SITE 9 SITE 7
B-25 B-26 B-l 2 B-l 4 B-l 5 B-l 6 B-l 7 B-l 8
0 - 3 - - 1.50 1.50 - - - -
3 -6 - - 1.20 1.50 - - - -
6 - 9 - - — - - - - - -
9-12 - - 2.50 2.75
- - - -
12-15 - - 3.0 3.0 - - -  ■ -
15-18 - - 2.50 2.75 - - - -
18-21 - - 2.50 2.70 - - - -
21-24 - - 2.50 2. 75 - - - -
24-27
•
3.00 3.00 1.75 1.50 1.25 1.50 1.75 1.30
27-30 1.75 2.00 1.75 1.20 1.25 1.30 1.50 1.20
30-33 1.50 1.50 1.50 0.90 1.40 1.30 1.30 1.20
33-36 1.20 1.20 1.20 0.90 1.25 1.30 1.20 1.10
36-39 1.20 1.10 1.10 0.90 0.90 1.30 1.10 1.10
39-42
1.20 0.90 1.10
- - 1.25 - -
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POCKET PENETROMETER (FIELD) 
STRENGTHS 
c (ts f)
DEPTH SITE 8 SITE 12
ft.
B-20 B-21 B-22 B-23 B-24 B-2 B-4 B-9
0 - 3 - - - - - - -
3 -6 - - - - - - - -
6 - 9 - - - - - - - -
9-12 - - - - - - - -
12-15 - - - - - 1.25 1.50 1.90
15-16 - - - - - 1.75 - 2.5
16-21 - - - - - - - 1.85
21-24 - - - - -
3 .1 2 .75
24-27 1.25 1.25 1.90 1.98 1.75 1.5 2.00




3 0 -3 3 1.25 1.25 1.25 1.40 1.50 1.20
-
1.23
33-36 - 1.10 1.20 1.20 1.35 0.90 0.90 -
36 -39 0.90 0.90 0.90 0.90 0.90 - 0.40 -
3 9 -4 2 - - - - - - -
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UNDISTURBED REMOLDED UNDISTURBED REMOLDED UNDISTURBED
0 -3 4.167 — 4.398 7.900 —
3 -6 — — 4.111 3.525 —
6 -9 — — 6.505 — 5.380
9-12 4.870 10.791 5 .184 H i  127 - -
12-15 3.562 12.172 7.314 13.327 4.746
15-16 5.406 11.073 5.715 — 7.545
16-21 8.560 14.597 4i505 11;311 —
21-24 — — 7-914 — 6.556
24-27 6.949 4.848 8.078 — —
27-30 8-511 — 6-232 — —
30-33 6.273 — — — 6.194
33-36 — - - 5 .254 — —
36-39 4.617 — 4.534 — —
39-42 3.480 — 3.666 — —
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MEDIUM VANE ( ts f ) SMALL VANE ( t s f )
S -l S-2 S-l S-2
Su R1 R* Su Ri su Ri
0 - 3 0.665 0.256 0.610 0.254 0.631 0.258 0.771 0.375
3 - 6 0.428 0.171 0.860 - - 0.478 0.342 0.635 0.356
6 - 9 0.615 0.03 0.820 0.428 0.809 0.451 0.820 0.465
9 -1 2 0.655 0.136 0.860 0.174 0.914 - - 0.820 —
12-15 0.717 0.481 0.792 0.520 0.752 0.232 0.786 0.344
15-10 0.750 0.374 0.836 0.410 0.08 0.606 0.920 0.344
16-21 0.880 0.44 0.610 0.228 0.750 0.422 0.820 0.301
21-24 0.384 0.157 0.865 0.444 0.751 0.276 0.655 0.355
2 4 -2 7 0.732 0.226 0.720 0.444 0.800 0.236 0.920 0.546
2 7 -3 0 0.925 — — — 0.590 0.218 0.522 0.274
3 0 -3 3 0.710 0.446 0.522 0.238 0.08 — — —
3 3 -3 6 0.480 0.138 0.625 0.291 0.865 0.348 - - —
3 6 -3 9 0.44 0.09 — — 0.480 0.196 — —
3 9 -4 2 — — — — — — — —
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POCKET PENETROMETER STRENGTH (ts f)
B-4 B-3 B-l
0 -3 0.10 0 <80 1.20
3 -6 1.00 0.90 Q .60
6 -9 0.80 1.00 0.75
9-12 0.90 — 1.20
12-15 No Core 1.20 1.40
15-16 1-00 1*00 1-20
16-21 1.00 1.00 1 i40
21-24 — 1-00 0.60
24-27 0.60 1.00 0.80
27-30 1-40 1»25 1.50
30-33 0.60 1.00 0.70
33-36 0.5 0.80 —
36-39 No Core 0.40 —
39-42 — — 0-80
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POCKET PENETROMETER (FIEID) STRENGTH
( ERWIN VI LIE ) 
q ( t s f )
DEPTH
ft.
BORE HOLE #1 BORE HOLE # 2 BORE HO IE # 3
0 - 3 1.20 0 .80 1.10
3 - 6 0 .60 0 .90 1.00
6 - 9 0 .75 1.00 0 .75
9-12 1.20 nO core 0 .90
12-15 1.40 1.20 no core
15-18 1.20 1.00 1.00
18-21 1.40 1.00 1.00
21 -24 0 .60 1.00 no core
2 4 -2 3
0 .80 1.00 0 .60
2 7 -3 0 1.50 1.25 1.40
3 0 -3 3 0 .70 1.00 O0 . 6O
3 3 -3 6 no core 0 .8 0 0 .50
3 6 -3 9 no core 0 .40 no core
39—42 no core no core 0 .80
APPENDIX W LAPLACE
S T A T I S T I C A L  A N A L Y S I S  S Y S T E M









SUM OF SQUARES 
0*04 50  4071
0*00 814 62 4
0*05318696
MEAN SQUARE 




PROB « F 
0 * 0 0 0 1
P—SQUARE 
0 * e 4 6 e 3 7 6 0
STC DEV 












I 1 6 .1 09 37



















O .O IJ  68373____


























0*07 700 00 0  
0*09700000 
0*12300000  
0 *07600000  
0*07600000 
0 *13200000  
0*09100000  
0 *11600000  
0* 096C0000 
0*06900000  
0 *09700000  









RES10UAL LOVER 95< CL 
FOR INDIVIDUAL
UPPER 95< CL 
FOR INDIVIDUAL
-0 *0 0 7 8 1 9 7 2  
-0 *00 781 97 2  
0*08161381 
0*15176826  















.0 *1 36 77 342
0*00781972
0*00781972
-0*00 461 38 1
-0 *0 5 4 7 6 8 2 6__
0*01246756  
-0 *0 0 6 1 4 9 3 4  
-0 *  01485995
0*00807931___
'0 *0 0 8 2 8 6 3 1  
0*00600309  
-0 *0 0 9 7 1 2 6 7  
'0 *0 2 2 2 5 3 3 6  
-0 *0 2 7 4 5 6 2 2  
0*03929764  
-0 *00 693 10 1  
0*01 747 27 2  „  
0*01122658  
-0 *0 0 8 1 9 4 6 2  
0 *01 300 30 9  
-0*0027.7.342__
-0 *0 5 5 4 4 3 1 9  
-0 *0 5 5 4 4 3 1 9  
0*03941576 
0 * 10916056 
0 *06869251 
0*03996461  
0*05 088 89 0





0*08 252 40 4  
0*09 357 05 0  






0*03 980 37 6  




0*12 433 40 8  
0 *13483099 
_0 •16584615— 
O Y lV l 17760 
0*15183673  
0 *14756084 
0*13 325 00 4
0*16638841
0*17783421
0*13 588 62 3
0*16 747 36 8“oYl̂ fi'93007" 
0*20105403  







0 * 1 4 2 1 2 8 7 2  
C * 1 5 4 4 4 5 9 1  
0 * 1 7 9 6 1 5 8 3
0 * 0 0 6 8 7 1 2 8  
0 * 0 2 5 5 5 4 0 9  
0 * 0 1 0 3 8 4 1 7
0 * 0 9 9 8 3 3 1 5  
0 * 1  1 1 7 3 7 5 3  
0 . I  3 5 6 7 4 3 0
0 * 1 8 4 4 2 4 2 8  
0 *  1 9 7 1 5 4 2 9  
0 * 2 2 3 5 5 7 3 5
SUM OF RESIDUALS -
SUM OF SQUARED RESIDUALS =
SUM OF SQUARED RESIDUALS -  ERROR SS =
FIRST ORDER AUTOCORRELATION RESIDUALS =
CURB IN-wATSON D =
0*00000000  
0 * 0 0 8 1 4  6 2 4  
0.00000000 
- 0 * 1 1 7 5 0 4 0 6  
? • 2 1 1 6 2 6 6 0
APPENDIXHH LAKE CHARLES
S T A T I S T I C A L  A N A L Y S I S  S Y S T E M





DF SUM OF SQUARES
1 O *5C54 1754
16 0*15780424
























PROB • F 


















































0*5  3900000 
0*60000000
T FOR HOOBsO






















PROS • T STO ERR B STO 8 VALUES
0* 9796 0 .06617 304 0 .0
0* 0001 0 .0  7459177 0 .5 7377 947
RESIDUAL ■ LOWER •/
■ f;OR INDIVIDUAL
■ ■■ , ;; v ii v / i
UPPER 9S( CL 
FOR INDIVIDUAL
o *o o i r is o s  
0 *00171502 
-0 *0 2 0 3 9 4  96 
0 *12063639
-0 .2 5 4 6 9 *6 1
0 .2 5 8 5 8 6 6 9
* 0.251*26955 ’ 
0 .2 5 1 2 6 9 5 6  
0 .6 9190 322  
0 .7 5 2 3 3 0 7 0
0 *1 6 6 # tt3 W  
-0 *1 4 5 6 2 0 6 9  V 
0 . 10033831 
0 .0 1 5 2 4 4 2 6  .
0 .756E K 270 ... ■ >•-. 
0 .S 1 W 6 9 0 3  
0 .0 6 3 0 2 8 5 9  
0 .6 9 7 3 3 9 3 2
—0*15301340 
-0 .1 6 7 7 7 6 1 5  
-0 *12236 361  
-0 *0 1 8 8 2 8 2 7
-
0.293SS649
0 .3 1 639 651
0 .2 1 3 4 9 4 0 5
0 .7 0 5 7 9 2 5 9
0 .7 2799 381
0 .75233 070





0 .2 2961 031
0 .6 5 3 5 3 5 5 3  ~ 
0 .6 5417 372  





0 .31639 651  .
“ 0T65417372 .................
0 .7 5 2 3 3 0 7 0
\
SUM OF R E S IC U A L S
SUM O F SQ U A R E D  R E S ID U A L S
SUM O F SQ U A R E D  R E S ID U A L S  -  ERRO R SS
F IR S T  O RDER A U T O C O R R E L A T IO N  OF R E S ID U A L S





1 .5 0 7 7 8 9 4 3
APPENDIX H LAKE CHARLES
S T A T I S T I C A L  a n a l y s i s  S Y S T E M









SUM OF SQUARES 
0 * 8 4 1 6 7 7 6 4  
0 *1 6 9 4 9 9 4 7  
1*01117711
MEAN SQUARE 
0 .8 4 1 6 7 7 6 4  
0.01059372
F VALUE 
7 9 *4 5 0 6 4
PROB . F 
0.0001
R—SQUARE 
0 .8 3 2 3 7  410
STC DEV 
'0 *1 0 2 9 2 5 7 8
C • V.

















PROB • F 
0 * 0 0 0 1
SOURCE E VALUES T FOR H00B=0 PROB « T STO ERR B STD B VALUES
INTERCEPT -0 *0 0 9 5 5 4 2 0  -0 *1 3 9 3 1  _ 0 * 8 9 0 9 _ ___________0*06858134______________ 0*0
FV 0*68907175 8*91351 , 0*0001 ~  OYO‘7‘730645 0"*91234538
oes OBSERVED PREDICTED RESIDUAL LOWER 9 5 C CL UPPER 95( CL
NUMBER VALUE VALUE FOR INDIVIDUAL FOR INDIVIDUAL
1 0*0 -0 *00955 420 0 .0 0 9 5 5 *2 8 -0 .2T i74 '58 'e 0.25263*74 7
2 0*0 -0 *0 0 9 5 5 4 2 0 0*00955420 -0 *2 7 1 7 4 5 8 8 0 .25263747
3 0*71000000 0*60371965 0*10628035 0*37933181 0*82810749
4 0.*.7.650 0.00.0 0.67951755 0*08548245 0*45361779 0*90541731
5 0*82500000 0*68434105 0*14065895 0*45829676 0*91036534
6 0*71000000 0* 76082801 -0 *05082801 0.53173507 0*98992096
7 0*86100000 0*83800405 0*02299595 0*60443518 1 *07157292
8 0*57100000 0 *6 1 C61037 -0 *0 3 9 6 1 0 3 7 0*38614448 0*83507626
9 0*52700000 0.62508088 ' —0* 098080*88 0 *4004122*5 0 • 8 4*97 4950
10 0*61800000 0*64919839 -0 *03119 839 0.42407534 0*87432144
11 0*81600000 0*67951755 0 *1 364824S 0*45 361 779 0*90541731
12 0*45300000 0*54514856 -0 *09414 856 0*32094109 0.76935602
13 0*49300000 0.55479556 -0 *0 6 1 7 9 5 5 6 0*33061791 0.77897321
14 0*55300000 0*55548463 -0 *0 0 2 4 8 4 6 3 0*33130821 0*77966105
15 0*63100000 0*56582071 0*06517929 0*34164838 0*76999303
16 0*42600000 0*55203927 -0*12603 927 0*32705550 0*77622305
17 0*69500000 0*55548463 0* 1 3*951537 0 .33130821 0.77966105
16 0*46800000 0*67951755 -0 .2 1 1 5 1 7 5 5 0*45361779 0*90541731
SUM OF RES IOUALS = 0 *0 0 0 0 0 0 0 0
SUM OF SQUARED RESIDUALS » 0 .1 6 9 4 9 9 4 7
SUM OF SQUARED RESIDUALS -  ERROR SS = -0 .0 0 0 0 0 0 0 0 -
FIR ST ORDER AUTOCORRELATION OF RESIDUALS = -0 .3 2 1 0 6 2 6 9
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S T A T I S T I C A _ A N A L v 5 • b .-j v s T t  M
ANALYSIS CF VARIANCE T ACL £ . REGRESSION COEFFICIENTS * AND STATISTIC S CF = IT  FCR
SCURCE DF SUM OF SCUARES MEAN SCUAQ= F VALUE
RECRESSICN 1 0 *04726749 C* 04 736 7* 7 36 7*76266
ERRCR 28 0 *0 0 3 6 0 6 3 7 0 *0 0 0 1 2 6 8 0
CORRECTED TOTAL 29 0 .05C 973B 7
SCURCE DF SEQUENTIAL SS F VALUE PROB * F
FV 1 0 *0 4 7 3 6 7 4 9 367* 76266 0*0001
SCURCE 8 VALUES T FOR HC0B=0 PROB • T
INTERCEPT -0 *0 0 9 7 1 9 0 0 -1 * 4 7 6 8 3 0 *1 5 0 9
FV 0 *5 3 3 6 4 5 6 7 19 *1 7 7 1 4 0*0001
ces OBSERVED PREDICTED RESICUAL
NUMBER VALUE VALUE
1 0 *0 -C .C 0 9 7 1 9 0 0 0*009 7 1 9 0 0
2 0 *0 -0 *0 0 5 7 1 -9 0 0 0 *0 0 9 7 1 9 0 0
3 0* 0570CG00 0*0 7 7 2 6 5 2 5 -0 *0 2 0 2 6 5 2 5
4 0 • 11300000 C .10768305 0 *0 0 5 3 1 6 9 5
5 0 *1 2 5 0 0 0 0 0 0 *1 2 2 0 9 1 4 8 " 0 *0 0 2 9 0 8 5 2
6 0*0 7 5 0 0 0 0 0 0 * 09 1 14C03 -0 *0 1 6 1 4 0 0 3
7 0 *1 3 7 0 0 0 0 0 0*14930741 -0 *0 1 2 3 0 7 4 1
8 0 *0 6 8 0 0 0 0 0 0*0 7 8 8 6 6 1 8 -0 *0 1 0 8 6 6 1 8
9 0*087 0 0 0 0 0 0*0 9 1 6 7 3 6 8 -0 .D 0 4 6 7 3 6 8
10 0 *0 9 3 0 0 0 0 0 0*1 1 0 3 5 1 2 8 -0 *0 1 7 3 5 1 2 8
11 0 *1 2 6 0 0 0 0 0 0 *1 3 4 3 6 5 3 3 -0 *0 0 8 3 6 5 3 3
12 0 *0 7 4 0 0 0 0 0 0 *0 8 2 0 6 8 0 6 -0 *0 0 8 0 6 8 0 6
13 0*100 0 0 0 0 0 C .0 9 7 0 I0 T 4 ..... '  0 .0 0 2 9 8 9 8 6
14 0 *1 0 5 0 0 0 0 0 0 *1 1 5 9 5 6 9 0 -0 *0 1 4 9 5 6 9 0
IS 0 *1 1 6 0 0 0 0 0 0 *1 2 1 0 2 4 1 9 -0 *0 0 5 0 2 4 1 9
16 0 *1 2 3 0 0 0 0 0 0 *1 2 4 2 2 6 0 7 -0 *0 0 1 2 2 6 0 7
17 0* 09B0DQ00 0 *0 9 5 4 0 9 2 0 ' 0 .0 0 2 5 9 0 8 0 -----
18 4 * 0 *0 0 *1 2 3 6 5 2 4 2 0 *0
19 0 *1 0 6 0 0 0 0 0 0 *0 8 5 0 0 5 4 5 0 *0 1 6 9 9 4 5 5
20 0 *1 3 0 0 0 0 0 0 C* 12209148 0 *0 0 7 9 0 8 5 2
21 0 *1 3 7 0 0 0 0 0 0 *1 2 2 0 9 1 4 6 0 *0 1 4 9 0 3 5 2
22 0 *1 3 7 0 0 0 0 0 0 *1 2 5 0 2 8 8 8 0* 00797112
23 0 *1 4 4 0 0 0 0 0 C. 137033S6 0*006 9 6 6 4 4
24 0 *1 4 9 0 0 0 0 0 0 *1 3 7 0 3 3 5 6 0 .0 1 1 9 6 6 4 4
25 0 *1 3 3 0 0 0 0 0 0 * 1 2262S 13 0 *0 1 0 3 7 4 8 7
26 0 *1 3 5 0 0 0 0 0 0 *1 3 4 3 6 5 3 3 0 *0 0 0 6 3 4 6 7
27 0 *1 1 2 0 0 0 0 0 C* 10768305 0 *0 0 4 3 1 6 9 5
28 0 *1 2 1 0 0 0 0 0 0 *1 3 7 0 3 3 5 6 -0 *0 1 6 0 3 3 5 6
29 0 *1 4 1 0 0 0 0 0 0 *1 4 8 2 4 0 1 2 -0 *0 0 7 2 4 0 1 2
30 0 *1 6 3 0 0 0 0 0 0*155 7 1 1 1 6 0 .0 0 7 2 8 8 8 4
31 0 * 197C000C C* 17705699 0 .0 1 9 9 4 3 0 1
SUM OF RESIDUALS -
SUM OF SQUARED RESIDUALS =
SUM OF SQUARED RESIDUALS -  ERROR SS
FIRST ORDER AUTOCORRELATION OF RESIDUALS =
CUReiN-wATSON D 
n CTE 0 NC STARRED OBSERVATION WAS I n CLu CED IN THE. REGRESSION*
!EM  V AR I AB_ £  UC
PRCd • F R-SOUARE C .V .
O.OOOl 0 *9 2 9 2 5 0 5 3  1 0 *3 1 0 9 9  (
STC DEV UC MEAN
0 *0 1 1 3 4 8 9 7  - 0 .1 1 C 0 7
PARTIAL SS F VALUE PROS • F
0 *0 4 7 3 6 7 4 9  3 6 7 *7 6 2 6 6  0 .C 001
STC ERR B
0 *0 0 6 6 8 0 9 8  
0 .0 2 7 8 2 7 X 8
S T D  B  V A L U E S
"0 *^ 6 3 9 7 6 4 1 "
LOWER 9 S I CL 
FCR INDIVIDUAL
-0 .0 3 6 5 9 1 8 5  
-0 .0 3 6 5 9 1 8 5  
0 .0 5 3 3 7 S 5 3  
0 *0 8 4 0 5 0 2 8  
0 *098 4 2 5 2 1 —  
0 *0 6 7 4 2 2 3 2  
0 *1 2 5 3 0 7 1 8  
0 *0 5 5 0 0 0 9 5  
0 *0 6 7 9 6 0 7 6  
0 *0 8 6 7 1 9 8 6  
0 .1 1 0 5 9 1 8 3  
0 .0 S 8 2 4 8 1 7
 0 *07333762"
0 *0 9 6 3 0 1 9 0  
0 *0 9 7 3 6 3 8 3  
0 *1 0 0 5 4 6 3 2
 0 .0 7 1 7 2 6 0 0 - "
0 *1 0 0 0 1 6 2 5  
0 *0 6 5 2 6 7 2 2  
0 *0 9 8 4 2 5 2 1
UPPER 9S( CL 
FOR IN D IV ID U AL
' 0~»0T71b385----
0 *0 1 7 1 5 3 8 5  
0 *1 0 1 1 5 4 9 6  
0 .1 3 1 3 1 5 8 2  
"D Y T 4575776— ! 
0 *1 1 4 8 5 7 7 5  
0 *1 7 3 3 0 7 6 5  
0 *1 0 2 7 3 1 4 2
U * l i ‘5JB6b0-----
0 *1 3 3 9 8 2 6 9  
0 *1 5 8 1 3 8 8 3  
0 *1 0 5 8 8 7 9 4
0 *1 4 3 6 1 1 9 0  
0 *1 4 4 6 8 4 5 5  
0 *1 4 7 9 0 5 8 1  .
“ 0 V T T 9 0 9 2 4 0 ------------------
0 • 147368S9 
0 *1 1 2 7 4 3 6 8  
0 *1 4 5 7 5 7 7 6
0 *0 9 8 4 2 5 2 1
0 *1 0 5 3 1 0 8 4
0 *1 1 3 2 2 7 2 6
0 *1 1 3 2 2 7 2 6
O'* 0989 5 5 6 9  ‘
0 *1 1 0 5 9 1 8 3
0 *0 8 4 0 5 0 2 8
0 *1 1 3 2 2 7 2 6
0 *1 2 4 2 5 9 5 3
0 *1 3 1 5 6 2 0 7
0 .1 5 2 3 6 6 0 1
0 * 0 0 0 0 0 0 0 0  
0 *0 0 3 6 0 6 3 7  
0.00000000 
0 •3 7 6 7 6 4 0 5  
1 • 15640724
0 *1 4 5 7 5 7 7 6  
0*1527469 1  
0 *1 6 0 8 3 9 8 6  
0 *1 6 0 8 3 9 8 6  
■0VT4"629457' 
0 • 15813883 
0 *1 3 1 3 1 5e2 
0 *1 6 0 8 3 9 8 6  
0 *1 722 2071 
0 *1 7 9 6 4 0 2 5  
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